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(54) Method and circuit for driving electro-optical device, electro-optical device, and electronic 
apparatus 



(57) The invention seeks to provide an electro-opti- 
cal device capable of performing high-quality and high- 
definition gray-scale display, which can be driven with a 
low power consumption, and to provide a driving method 
therefor and an electronic apparatus using the electro- 
optical device. An electro-optical device according to the 
present invention includes a plurality of pixels. Each pix- 
el includes a pixel electrode, a memory that stores gray- 
scale data, and a pulse duration control circuit that ap- 
plies, to the pixel, a voltage that turns on the pixel or a 
voltage that turns off the pixel with a time density in ac- 
cordance with the gray-scale data written to the memo- 
ry. According to the electro-optical device, by turning on 
or off each pixel, gray-scale display can be performed 
by effective value control. From among a plurality of pix- 
els, it is only necessary to write gray-scale data to the 
memory of a pixel whose gray-scale data written to the 
memory thereof needs to be changed. Thus, display can 
be performed with a low power consumption. 
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Description 

[0001] The present invention relates to electro-optical 
devices capable of performing gray-scale display, to 
methods and circuits for driving the same, and to elec- 
tronic apparatuses. 

[0002] Electro-optical devices, such as liquid crystal 
displays using liquid crystal as an electro-optical mate- 
rial, are widely used as display devices in place of cath- 
ode-ray tubes (CRTs) in displays of various information 
processing apparatuses, wall-mounted televisions, and 
the like. 

[0003] By way of example, a conventional electro-op- 
tical device has the following structure. Specifically, the 
conventional electro-optical device includes a device 
substrate on which pixel electrodes aligned in the form 
of a matrix and switching devices such as TFTs (Thin 
Film Transistors) connected to the pixel electrodes are 
provided, an opposing substrate on which counter elec- 
trodes opposed to the pixel electrodes are formed, and 
liquid crystal, i.e., electro-optical material, filled between 
the two substrates. With this arrangement, when a scan- 
ning signal is supplied to the switching devices via scan- 
ning lines, the switching devices become conducting. In 
this conducting state, when an image signal with a volt- 
age in accordance with a gray level is supplied to the 
pixel electrodes through data lines, a charge in accord- 
ance with the voltage of the image signal is accumulated 
in a liquid crystal layer between the pixel electrodes and 
the counter electrodes. When the switching devices en- 
ter an off-state after the charge has been accumulated, 
the accumulated charge in the liquid crystal layer is 
maintained by the capacitance of the liquid crystal layer 
and by storage capacitors. Accordingly, when the 
switching devices are driven so as to control the amount 
of charge to be accumulated in accordance with the gray 
level, alignment of the liquid crystal varies according to 
each pixel, that is, the gray level varies according to 
each pixel. As a result, gray-scale display can be per- 
formed. 

[0004] It is only necessary to accumulate charge in 
the liquid crystal layer of each pixel for a partial period. 
First, a scanning-line driving circuit sequentially selects 
each scanning line. Second, a data-line driving circuit 
sequentially selects each data line within the scanning- 
line selection period. Third, an image signal with a volt- 
age in accordance with a gray level is sampled on the 
selected data line. As a result, time-division multiplexing 
driving in which the scanning line and the data line are 
shared by a plurality of pixels is made possible. 
[0005] An image signal supplied to the data line is a 
voltage in accordance with the gray level, that is, an an- 
alog signal. It is necessary to provide a D/A converter 
circuit and an operational amplifier in peripheral circuits 
of the electro-optical device. This causes an increase in 
the cost of the overall device. In addition, display une- 
venness is caused by nonuniformity in characteristics of 
the D/A converter circuit and the operational amplifier 



and by nonuniformity in various wiring resistances. It is 
therefore difficult to perform high-quality display. In par- 
ticular, this problem becomes noticeable in performing 
high-definition display. 

5 [0006] In the above-described conventional electro- 
optical device, it is necessary to apply the image signal 
to all pixels at predetermined time intervals. Specifically, 
it is necessary to sequentially select all scanning lines 
by the scanning-line driving circuit at predetermined 

10 time intervals. Also, it is necessary to apply the image 
signal with a voltage in accordance with the gray level 
to all data lines in every selection period. As a result, 
the power consumption is increased. In particular, this 
problem becomes noticeable when the number of pixels 

15 to which the image signal is applied is increased in order 
to enhance the resolution. Although various techniques 
have been implemented in order to reduce the power 
consumption, it is still necessary to apply the image sig- 
nal to all the pixels at predetermined time intervals. In 

20 the present circumstances, there is a limit to lowering 
the power consumption. 

[0007] In view of the above circumstances, it is an ob- 
ject of the present invention to provide an electro-optical 
device capable of performing high-quality and high-def- 
25 inition gray-scale display, which can be driven with a low 
power consumption, and to provide a method and circuit 
for driving the same and an electronic apparatus using 
the same. 

[0008] In order to solve the foregoing problems, a first 
30 invention is a method for driving an electro-optical de- 
vice which includes a plurality of pixels each including 
a k-bit memory (where k is a natural number 1 , 2, 3, ...) 
and which performs k-bit gray-scale display in accord- 
ance with k-bit gray-scale data. The gray-scale data is 
35 written to the memory of each pixel. A pulse signal with 
a time density in accordance with the gray-scale data is 
generated based on the gray-scale data written to the 
memory and k-bit gray-scale signals. One of a voltage 
that turns on the pixel and a voltage that turns off the 
40 pixel is applied to the pixel in accordance with the pulse 
signal. 

[0009] According to the first invention, each pixel is 
turned on or off with a time density in accordance with 
the gray-scale data. As a result, gray-scale display by 

45 effective value control is performed. In other words, 
since gray-scale display is implemented only by turning 
on or off each pixel, display unevenness due to nonuni- 
formity in device characteristics and wiring resistances 
does not occur. As a result, it is possible to perform high- 

50 quality and high-definition gray-scale display. 

[001 0] Furthermore, according to the first invention, it 
is unnecessary to supply gray-scale data to ail of the 
pixels every predetermined period of time (such as eve- 
ry field) since each pixel has a memory and each pixel 

55 js turned on or off with a time density in accordance with 
the gray-scale data stored in the memory. In other 
words, gray-scale display can be implemented only by 
writing the gray-scale data to a pixel when the gray- 
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scale data thereof is changed. Thus, compared with an 
electro-optical device for supplying the gray-scale data 
to all of the pixels every predetermined period of time, 
the power consumption can be reduced significantly. 
[001 1] In the present invention, one field is used in the 5 
context of a period which is conventionally required to 
form one raster image by performing horizontal scan- 
ning and vertical scanning in synchronization with a hor- 
izontal-scan signal and a vertical-scan signal. It should 
thus be noted that one frame in non-interlaced mode al- 
so corresponds to one field in the present invention. 
[0012] According to the present invention, concerning 
the k-bit gray-scale signals, a selection period of each 
bit may be set to a time density which implements gray- 
scale display with 2°,2 1 l 2 2 , ...,2 k - 1 levels. Furthermore, 
the gray-scale signal of the corresponding bit may be 
selected from among the gray-scale signals in accord- 
ance with the gray-scale data, and the pulse signal may 
be generated by combining the selection periods of the 
selected gray-scale signals. One of the voltage that 
turns on the pixel and the voltage that turns off the pixel 
may be applied to the pixel electrode in accordance with 
the pulse signal. Accordingly, in addition to pulse signals 

with time densities of 2°, 2 1 , 2 2 2 k " 1 , it is possible to 

generate a pulse signal having an arbitrary time density 
of k bits by combining selection periods of gray-scale 
signals in accordance with gray-scale data. The pixel is 
turned on or off in accordance with the time density of 
the pulse signal, thereby implementing gray-scale dis- 
play by effective value control. 
[0013] According to the first invention, the k-bit gray- 
scale signals may be output signals from a k-bit counter. 
A period in which each counter value indicated by the 
output signals is maintained may be set to the time den- 
sity with which k-bit gray-scale display is implemented. 
Furthermore, the k-bit gray-scale data may be com- 
pared with a k-bit counter value based on the gray-scale 
signals, and the pulse signal may be generated in ac- 
cordance with the comparison result. In accordance with 
the pulse signal, one of the voltage that turns on the pixel 
and the voltage that turns off the pixel may be applied 
to the pixel electrode. Accordingly, it is possible to gen- 
erate a pulse signal with an arbitrary time density of k 
bits by arbitrarily setting the time density of each k-bit 
counter value in accordance with gray-scale character- 
istics of an electro-optical material and by comparing the 
gray-scale data with the counter value. The pixel is 
turned on or off in accordance with the time density of 
the pulse signal, thereby implementing gray-scale dis- 
play by effective value control. 
[0014] According to the first invention, the pixel may 
be turned off regardless of a value of the gray-scale data 
during a period in which the gray-scale signals have a 
predetermined value. Accordingly, for example, when 
an electro-optical material having a characteristic that 
transmissivity decreases when an applied effective volt- 
age exceeds a predetermined value is used, it is still 
possible to reliably obtain desired transmissivity by ap- 



propriately setting the time density of a period in which 
the predetermined value is obtained. 
[0015] According to the first invention, the pixel may 
include the pixel electrode and a counter electrode 
which is opposed to the pixel electrode and to which a 
reference voltage whose a polarity is inverted every pre- 
determined period is applied. Preferably, in accordance 
with the pulse signal, when turning on the pixel , a volt- 
age which is the opposite polarity as reference voltage 
is applied to the pixel electrode, and, when turning off 
the pixel, a voltage which is the same polarity as refer- 
ence voltage is applied to the pixel electrode. Accord- 
ingly, the polarity of a voltage applied to the pixel can be 
inverted every predetermined period. In other words, it 
is possible to prevent application of a direct current (DC) 
component to the electro-optical material. Thus, deteri- 
oration of the electro-optical material can be prevented. 
[0016] According to the first invention, the pixel may 
include the pixel electrode and a counter electrode 
which is opposed to the pixel electrode and to which a 
predetermined reference voltage is applied. In accord- 
ance with the pulse signal, when turning off the pixel , a 
voltage the same as the reference voltage may be ap- 
plied to the pixel electrode, and, when turning on the 
pixel, one of a first voltage higher than the reference volt- 
age, or a second voltage lower than the reference volt- 
age may be applied to the pixel electrode while switch- 
ing between the first and second voltages with a prede- 
termined period. In such cases, it is possible to prevent 
application of a DC component to the electro-optical ma- 
terial. Thus, deterioration of the electro-optical material 
can be prevented. 

[0017] When performing such alternating current 
(AC) driving, the predetermined period may differ from 
the period of each field. Accordingly, it is possible to ar- 
bitrarily set the polarity inversion period of a voltage ap- 
plied to the pixel to a period in which the least amount 
of flicker is generated. 

[0018] According to the first invention, from among 
the plurality of pixels, the gray-scale data may be written 
only to the memory of the pixel whose gray-scale data 
stored in the memory thereof needs to be changed. This 
makes it unnecessary to write gray-scale data to a pixel 
whose gray-scale data remains unchanged. Compared 
with a conventional electro-optical device in which the 
gray-scale data is written to all of the pixels every pre- 
determined period of time, the power used to perform 
driving can be significantly reduced. 
[0019] In order to solve the foregoing problems, a sec- 
ond invention is a driving circuit for an electro-optical 
device including a plurality of groups of column selection 
lines in which the number of column selection lines is k 
(where k is a natural number 1, 2, 3, ...), a plurality of 
row selection lines, and pixels which are formed corre- 
sponding to intersections of the column selection lines 
and the row selection lines, each pixel including a k-bit 
memory that stores k-bit gray-scale data, wherein a 
pulse signal with a time density in accordance with the 
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gray-scale data is generated based on the gray-scale 
data written to the memory and k-bit gray-scale signals, 
and one of a voltage that turns on the pixel and a voltage 
that turns off the pixel is applied to the pixel in accord- 
ance with the pulse signal. The driving circuit includes 
a row-selection-line driving circuit for supplying a selec- 
tion signal to the row selection line that corresponds to 
the pixel to which the gray-scale data is to be written; 
and a column-selection-line driving circuit for supplying 
a signal that corresponds to each bit of the gray-scale 
data to each column selection line which forms the 
group of column selection lines corresponding to the pix- 
el to which the gray-scale data is to be written, while the 
selection signal is being supplied to the row selection 
line. 

[0020] With this arrangement, gray-scale display is 
implemented by handling gray-scale data as digital da- 
ta. Display unevenness due to nonuniformity in device 
characteristics and wiring resistances does not occur. 
As a result, high-quality and high-definition gray-scale 
display can be performed. 

[0021] The driving circuit may further include a gray- 
scale signal generating circuit for generating the gray- 
scale signals. Accordingly, peripheral circuits can be 
simplified, and the cost can be reduced. 
[0022] According to the second invention, concerning 
the k-bit gray-scale signals, a selection period of each 
bit may be set to a time density which implements gray- 
scale display with 2°, 2\ 2 2 , .... 2 k ~ 1 levels. Accordingly, 
in addition to pulse signals with time densities of 2°, 2 1 , 
2 2 , .... 2 k * 1 , it is possible to generate a pulse signal hav- 
ing an arbitrary time density of k bits by combining the 
selection periods of the gray-scale signals in accord- 
ance with the gray-scale data. The pixel is turned on or 
off in accordance with the time density of the pulse sig- 
nal, thereby implementing gray-scale display by effec- 
tive value control. 

[0023] According to the second invention, the k-bit 
gray-scale signals may be output signals from a k-bit 
counter, and a period in which each counter value indi- 
cated by the output signals is maintained may be set to 
the time density with which k-bit gray-scale display is 
implemented. Accordingly, it is possible to generate a 
pulse signal with an arbitrary time density of k bits by 
arbitrarily setting a time density of each k-bit counter val- 
ue in accordance with gray-scale characteristics of an 
electro-optical material and by comparing the gray- 
scale data with the counter value. The pixel is turned on 
or off in accordance with the time density of the pulse 
signal, thereby implementing gray-scale display by ef- 
fective value control. 

[0024] According to the second invention, the pixel 
may be turned off regardless of a value of the gray-scale 
data during a period in which the gray-scale signals 
have a predetermined value. Accordingly, for example, 
when an electro-optical material having a characteristic 
that transmissivity decreases when an applied effective 
voltage exceeds a predetermined value is used, it is still 



possible to reliably obtain desired transmissivity by ap- 
propriately setting the time density of a period in which 
the predetermined value is obtained. 
[0025] According to the second invention, the row-se- 
5 lection-line driving circuit and the column-selection line 
driving circuit may be formed on a predetermined sub- 
strate on which the pixels are formed. Accordingly, pe- 
ripheral circuits can be simplified, and the cost can be 
reduced. 

10 [0026] According to the second invention, it is prefer- 
able that a writing circuit be provided for writing the gray- 
scale data only to the memory of the pixel, from among 
the pixels, whose gray-scale data stored in the memory 
thereof needs to be changed. Accordingly, it is unnec- 

15 essary to supply the gray-scale data to all of the pixels 
every predetermined period of time. Compared with a 
conventional electro-optical device for supplying the 
gray-scale data to all of the pixels every predetermined 
period of time, the power used to perform driving can be 

20 significantly reduced. 

[0027] According to the second invention, it is prefer- 
able that the structure further include a reading circuit 
for reading the gray-scale data stored in the memory of 
the pixel. Accordingly, it is unnecessary to provide a con- 

25 troller which supplies gray-scale data and the like with 
a memory for storing gray-scale data for each pixel. 
[0028] In order to solve the foregoing problems, a third 
invention is an electro-optical device which includes a 
plurality of pixels and which performs k-bit gray-scale 

30 display in accordance with k-bit gray-scale data (where 
k is a natural number 1, 2, 3, ...). The electro-optical de- 
vice includes a plurality of groups of column selection 
lines, in which the number of column selection lines is 
k; a plurality of row selection lines; a plurality of pixels 

35 formed corresponding to intersections of the column se- 
lection lines and the row selection lines, each pixel in- 
cluding a pixel electrode, a k-bit memory that stores the 
k-bit gray-scale data, and a pixel driving circuit for gen- 
erating a pulse signal with a time density in accordance 

40 with the gray-scale data based on the gray-scale data 
written to the memory and k-bit gray-scale signals and 
for applying one of a voltage that turns on the pixel and 
a voltage that turns off the pixel to the pixel electrode; a 
row-selection-line driving circuit for supplying a selec- 
ts tion signal to the row selection line that corresponds to 
the pixel to which the gray-scale data is to be written; 
and a column-selection-line driving circuit for supplying 
the gray-scale data to each column selection line which 
forms the group of column selection lines corresponding 

50 to the pixel to which the gray-scale data is to be written, 
while the selection signal is being supplied to the row 
selection line. 

[0029] According to the third invention, each pixel is 
turned on or off with a time density in accordance with 
55 the gray-scale data. As a result, gray-scale display by 
effective value control is performed. In other words, 
since gray-scale display is implemented only by turning 
on or off each pixel, display unevenness due to nonuni- 
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formity in device characteristics and wiring resistances 
does not occur. As a result, it is possible to perform high- 
quality and high-definition gray-scale display. 
[0030] According to the third invention, each pixel in- 
cludes the memory, and each pixel is turned on or off 5 
with a time density in accordance with the gray-scale 
data stored in the memory. As a result, it is unnecessary 
to supply the gray-scale data to all of the pixels every 
predetermined period of time (such as every field) since 
each pixel has a memory and each pixel is turned on or 
off with a time density in accordance with the gray-scale 
data stored in the memory. In other words, gray-scale 
display can be implemented only by writing the gray- 
scale data to a pixel when the gray-scale data thereof 
is changed. Thus, compared with an electro-optical de- 
vice for supplying the gray-scale data to all of the pixels 
every predetermined period of time, it is an advantage 
that the power consumption can be reduced significant- 
ly. 

[0031] The foregoing advantage becomes particularly 
noticeable using a so-called static memory, that is, when 
the memory includes a switching device which is turned 
on by the selection signal; and two inverters for writing 
the gray-scale data which is supplied to the correspond- 
ing column selection line when the switching device is 
turned on and for maintaining the written gray-scale data 
when the switching device is turned off. wherein the out- 
put of one inverter is the input of the other inverter. 
[0032] The electro-optical device may further include 
a gray-scale signal generating circuit for generating the 
gray-scale signals. Accordingly, peripheral circuits can 
be simplified, and the cost can be reduced. 
[0033] According to the third invention, concerning 
the k-bit gray-scale signals, a selection period of each 
bit is set to a time density which implements gray-scale 
display with 2°, 2\ 2 2 , .... 2 k ~ 1 levels. Furthermore, the 
pixel driving circuit may include a pulse duration control 
circuit for selecting the gray-scale signal of the corre- 
sponding bit from among the gray-scale signals in ac- 
cordance with the gray-scale data and for generating the 
pulse signal by combining the selection periods of the 
selected gray-scale signals; and a switching circuit for 
applying one of the voltage that turns on the pixel and 
the voltage that turns off the pixel to the pixel electrode 
in accordance with the pulse signal generated by the 
pulse duration control circuit. Accordingly, in addition to 
pulse signals with time densities of 2°, 2 1 , 2 2 , .... 2 M , it 
is possible to generate a pulse signal having an arbitrary 
time density of k bits by combining the selection periods 
of the gray-scale signals in accordance with the gray- 
scale data. The pixel is turned on or off in accordance 
with the time density of the pulse signal, thereby imple- 
menting gray-scale display by effective value control. 
[0034] According to the third invention, the k-bit gray- 
scale signals may be output signals from a k-bit counter. 
A period in which each counter value indicated by the 
output signals is maintained may be set to the time den- 
sity with which k-bit gray-scale display is implemented. 



[0035] Furthermore, the pixel driving circuit may in- 
clude a pulse duration control circuit for comparing the 
k-bit gray-scale data with a k-bit counter value based on 
the gray-scale signals and for generating the pulse sig- 
nal in accordance with the comparison result; and a 
switching circuit for applying one of the voltage that turns 
on the pixel and the voltage that turns off the pixel to the 
pixel electrode in accordance with the pulse signal gen- 
erated by the pulse duration control circuit. Accordingly, 
it is possible to generate a pulse signal with an arbitrary 
time density of k bits by arbitrarily setting the time den- 
sity of each k-bit counter value in accordance with gray- 
scale characteristics of an electro-optical material and 
by comparing the gray-scale data with the counter val- 
ue. The pixel is turned on or off in accordance with the 
time density of the pulse signal, thereby implementing 
gray-scale display by effective value control. 
[0036] According to the third invention, the pixel may 
be turned off regardless of a value of the gray-scale data 
during a period in which the gray-scale signals have a 
predetermined value. Accordingly, for example, when 
an electro-optical material having a characteristic that 
transmissivity decreases when an applied effective volt- 
age exceeds a predetermined value is used, it is still 
possible to reliably obtain desired transmissivity by ap- 
propriately setting the time density of a period in which 
the predetermined value is obtained. 
[0037] Furthermore, according to the third invention, 
the row-selection-line driving circuit and the column-se- 
lection-line driving circuit may be formed on a predeter- 
mined substrate on which the pixels are formed. Accord- 
ingly, peripheral circuits can be simplified, and the cost 
can be reduced. 

[0038] According to the third invention, it is preferable 
that a writing circuit be provided for writing the gray- 
scale data only to the memory of the pixel, from among 
the pixels, whose gray-scale data stored in the memory 
thereof needs to be changed. Accordingly, it is unnec- 
essary to supply the gray-scale data to all of the pixels 
every predetermined period of time. Compared with a 
conventional electro-optical device for supplying the 
gray-scale data to all of the pixels every predetermined 
period of time, the power used to perform driving can be 
significantly reduced. 

[0039] According to the third invention, it is preferable 
that the structure further include a reading circuit for 
reading the gray-scale data stored in the memory of the 
pixel. Accordingly, it is unnecessary to provide a con- 
troller which supplies the gray-scale data and the like 
with a memory for storing the gray-scale data supplied 
to each pixel. 

[0040] Each of the memory and the pixel driving circuit 
may include a switching device. At least one of the 
switching devices included in the memory or the pixel 
driving circuit may be formed of a thin film transistor 
formed on an insulating substrate. When the insulating 
substrate is made of quartz glass or the like, a transmis- 
sive-type electro-optical device can be obtained. 
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[0041] Each of the memory and the pixel driving circuit 
may include a switching device. At least one of the 
switching devices included in the memory or the pixel 
driving circuit may be formed on a semiconductor sub- 
strate. Since the semiconductor substrate has high elec- 5 
tron mobility, it is possible to make the switching device 
of the pixel driving circuit respond quickly and to reduce 
the size of the switching device of the pixel driving cir- 
cuit. 

[0042] Furthermore when the pixel electrode is made 10 
reflective, it is unnecessary to provide the electro-optical 
device with a light source in performing a reflective-type 
display. As a result, the power consumption can be 
greatly reduced. In such a case, it is preferable that at 
least one of the memory and the pixel driving circuit be * 5 
formed on the opposite side to the observing side with 
respect to the pixel electrode. Accordingly, it becomes 
unnecessary to provide the memory or the pixel driving 
circuit between pixel electrodes. Thus, light is not 
blocked between pixel electrodes, and an advantage 20 
can be obtained that the aperture ratio of each pixel is 
increased. 

[0043] The foregoing problems can be also solved by 
manufacturing or selling an electronic apparatus ac- 
cording to a fourth invention .which includes the above- 25 
described electro-optical device as a display device, as 
well as by manufacturing or selling the above-described 
electro-optical device by itself. According to the elec- 
tronic apparatus, because of reasons similar to those 
described hereinabove, it is possible to perform driving 30 
with a low power consumption and to perform high-qual- 
ity and high-definition gray-scale display. 
[0044] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 35 

Fig. 1 is a block diagram of the overall structure of 
an electro-optical device according to a first embod- 
iment of the present invention. 
Fig. 2 is a circuit diagram of the structure of a pixel *o 
in the electro-optical device. 
Fig. 3 is a circuit diagram of the structure of a mem- 
ory cell in the electro-optical device. 
Fig. 4 is an illustration of an example of a voltage/ 
transmissivity characteristic of the liquid crystal. 45 
Fig. 5 is a truth table showing the operation of the 
pixel in the electro-optical device. 
Fig. 6(a) is a timing chart showing waveforms of 
gray-scale signals in the electro-optical device, and 
Fig. 6(b) is a timing chart showing waveforms of a so 
pulse signal PW in the pixel in the electro-optical 
device. 

Fig. 7 is a timing chart showing a voltage applied to 
a pixel electrode in each pixel in the electro-optical 
device. 55 
Fig. 8 is a circuit diagram of the structure of a pixel 
in an electro-optical device according to a second 
embodiment of the present invention. 



Fig. 9 is a truth table showing the operation of the 

pixel in the electro-optical device. 

Fig. 10(a) is a timing chart showing waveforms of 

gray-scale signals in the electro-optical device, and 

Fig. 10(b) is a timing chart showing waveforms of a 

pulse signal PW in the pixel in the electro-optical 

device. 

Fig. 11 is a timing chart showing a voltage applied 
to a pixel electrode in each pixel in the electro-op- 
tical apparatus. 

Fig. 1 2 is a circuit diagram of the structure of a pixel 
in an electro-optical device according to a third em- 
bodiment of the present invention. 
Fig. 13 is a truth table showing the operation of the 
pixel in the electro-optical device. 
Fig. 14(a) is a timing chart showing waveforms of 
gray-scale signals in the electro-optical device, and 
Fig. 14(b) is a timing chart showing waveforms a 
pulse signal PW in the pixel in the electro-optical 
device. 

Fig. 15 is a timing chart showing a voltage applied 
to a pixel electrode in each pixel in the electro-op- 
tical device. 

Fig. 1 6 is an illustration of another example of a volt- 
age/transmissivity characteristic of the liquid crys- 
tal. 

Fig. 17 is a timing chart showing a voltage applied 
to a pixel electrode in each pixel of an electro-optical 
device according to a modification of the present in- 
vention. 

Fig. 18 is a plan view of the structure of an electro- 
optical device according to the present invention. 
Fig. 19 is a sectional view of the structure of the 
electro-optical device. 

Fig. 20 is a sectional view of the structure of a pro- 
jector, which is an example of an electronic appa- 
ratus to which the electro-optical device is applied. 
Fig. 21 is a perspective view of the structure of a 
mobile computer, which is an example of an elec- 
tronic apparatus to which the electro-optical device 
is applied. 

Fig. 22 is a perspective view of a cellular phone, 
which is an example of an electronic apparatus to 
which the electro-optical device is applied. 

[0045] With reference to the drawings, the present in- 
vention will be further illustrated using embodiments be- 
low. The embodiments only illustrate aspects of the 
present invention and are not intended to limit the 
present invention. The embodiments can be changed 
within the scope of the present invention. 

A: Principle of operation of electro-optical device 
according to the present invention 

[0046] In order to make a device according to this em- 
bodiment understandable, a method for driving an elec- 
tro-optical device of this embodiment is described. 
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[0047] In general, in liquid crystal displays which use 
liquid crystal as an electro-optical material, the relation- 
ship between an effective voltage value applied to the 
liquid crystal and relative transmissivity (or reflectivity in 
the case of a reflective-type liquid crystal device) in, for 
example, a normally black mode, in which black is dis- 
played in the state where no voltage is applied, is shown 
in Fig. 4. The relative transmissivity (reflectivity) used 
herein is obtained by normalization in which the mini- 
mum value and the maximum value of the amount of 
transmitted (or reflected) light are set as 0% and 100%, 
respectively. As shown in Fig. 4, the transmissivity of the 
liquid crystal is 0% when a voltage applied to a liquid 
crystal layer is less than a threshold value VTH1 . When 
the applied voltage is greaterthan or equal to the thresh- 
old value VTH1, and when the applied voltage is less 
than or equal to a saturation voltage VTH2, the trans- 
missivity increases nonlinearly with respect to the ap- 
plied voltage. When the applied voltage is greater than 
or equal to the saturation voltage VTH2, the transmis- 
sivity of the liquid crystal has a constant value regard- 
less of the applied voltage. 

[0048] In order to obtain an intermediate transmissiv- 
ity between 0% and 100% as the transmissivity of the 
liquid crystal, as illustrated by the voltage/transmissivity 
characteristic shown in Fig. 4, it is necessary to apply 
an effective voltage in accordance with the transmissiv- 
ity between the voltage VTH1 and the voltage VTH2 to 
the liquid crystal layer. 

[0049] In conventional techniques, voltages for ob- 
taining such intermediate gray levels are generated by 
analog circuits such as a D/A converter circuit, an oper- 
ational amplifier, and the like, and the generated voltag- 
es are applied to pixel electrodes. The voltages applied 
to the pixel electrodes using such a driving method are 
easily influenced by nonuniformity in characteristics of 
analog circuits and by nonuniformity in various wiring 
resistances. In addition, variations may be often caused 
in pixels. As a result, it is difficult to perform high-quality 
and high-definition gray-scale display. 
[0050] In order to solve this problem, first, the electro- 
optical device according to this embodiment uses the 
following method to drive pixels. 
[0051] First, one field (1f) is divided into a plurality of 
sub-fields. In units of sub-fields, a voltage is applied to 
the liquid crystal layer. In each sub-field, only one of volt- 
ages VH or VL (= 0V) is applied to the liquid crystal layer. 
In this case the voltage VH is set so as to make the ef- 
fective voltage value applied to the liquid crystal layer in 
one field greater than or equal to voltage V7 shown in 
Fig. 4 when applied to the liquid crystal layer in that field. 
[0052] Then, the sub-fields in which the voltage VH is 
applied and the sub-fields in which the voltage VL is ap- 
plied are determined in accordance with gray-scale data 
in order that the ratio between a period in which the volt- 
age VH is applied in one field and a period in which the 
voltage VL (= 0V) is applied is a ratio in accordance with 
the gray-scale data. Accordingly, the effective voltage in 



accordance with the gray-scale data is applied to the 
liquid crystal layer, thereby performing display at inter- 
mediate gray-levels with transmissivity between 0% and 
100%. The specific time period of each sub-field will be 

5 described hereinafter. 

[0053] In the following embodiments, it is assumed 
that the electro-optical device performs 8-level gray- 
scale display in accordance with 3-bit gray-scale data 
DO, D1, and D2. However, it is understood that the 

10 present invention is not limited to these embodiments. 

B: First embodiment 

B-1 : Structure of first embodiment 

15 

[0054] Fig. 1 is a block diagram of the electrical struc- 
ture of an electro-optical device according to this em- 
bodiment. The electro-optical device is a liquid crystal 
device using liquid crystal as an electro-optical material. 
20 A device substrate and an opposing substrate are bond- 
ed with a predetermined gap therebetween, and the gap 
is filled with liquid crystal, that is, the electro-optical ma- 
terial. In the electro-optical device, a semiconductor 
substrate is used as the device substrate. On the device 
25 substrate, MOS transistors form a pixel circuit that con- 
trols display performed by each pixel and a peripheral 
driving circuit that controls the pixel circuit and the like. 
In Fig. 1, the configuration of the circuits formed on the 
device substrate is shown. 
30 [0055] As shown in Fig. 1, in a display region 10a on 
the device substrate, a plurality of row selection lines 11 
are formed extending in the X (row) direction. Also, a 
plurality of column selection lines 1 2 are formed extend- 
ing in the Y (column) direction. Pixels 1 3 are formed cor- 
35 responding to intersections of the row selection lines 1 1 
and the column selection lines 1 2, aligned in the form of 
a matrix. In this embodiment, in order to simplify the de- 
scription, the total number of the row selection lines 11 
is m, and the total number of the column selection lines 
40 1 2 is n (where m and n are integers equal to 2 or great- 
er). Although an mxn matrix display device is described 
in this embodiment, the present invention is not limited 
to this embodiment. 

[0056] In order to simplify the drawing, Fig. 1 illus- 
45 trates m pixels 1 3 for one column, which are connected 
to one column selection line 12, however, the actual col- 
umn selection line 12 in Fig. 1 is formed of a plurality of 
column selection lines (details are described hereinaf- 
ter). 

50 [0057] The electro-optical device includes an opera- 
tion control circuit 20, a Y address buffer 210, a Y ad- 
dress decoder 211, an X address buffer 220, an X ad- 
dress decoder 221, a sampling/holding circuit 222, a 
gray-scale signal generating circuit 23, an input circuit 

55 240, and an output circuit 241 . 

[0058] The operation control circuit 20 generates an 
internal control signal in accordance with the operation 
mode, based on a chip enable signal /CE, a write enable 
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signal /WE, and an output enable signal /OE, which are 
supplied from a high-level device (not shown). 
[0059] The specific configuration of the operation con- 
trol circuit 20 is shown in Fig. 1 . With this configuration, 
when the chip enable signal ICE and the write enable 
signal /WE are at the L level, an H-level enable signal 
is supplied to the Y address buffer 210, the X address 
buffer 220, and the input circuit 240. As a result, the op- 
eration control circuit 20 enters a write mode in which 
gray-scale data DO to D2 supplied from the high-level 
device through data input/output terminals I/O0 to 1/02 
are written to each pixel 1 3. The entire circuit that is op- 
erated when the circuit enters the write mode corre- 
sponds to the "writing circuit" set forth in the claims. 
[0060] In contrast, when the chip enable signal ICE 
and the output enable signal /OE are at the L level, and 
when the write enable signal /WE is at the H level, the 
H-level enable signal is supplied to the Y address buffer 
210, the X address buffer 220, and the output circuit 241 . 
As a result, the operation control circuit 20 enters a read 
mode in which data written to each pixel 13 is read, and 
the read data is output through the input/output termi- 
nals I/O0 to I/02. The entire circuit that is operated when 
the circuit enters the read mode corresponds to the 
"reading circuit" set forth in the claims. 
[0061] The input circuit 240 and the output circuit 241 
are connected to the input/output terminals I/O0 to I/02. 
The input circuit 240 is activated when the H-level ena- 
ble signal is supplied from the operation control circuit 
20. The input circuit 240 outputs gray-scale data DO to 
D2 which are input through the data input/output termi- 
nals l/OOto I/02 to the sampling/holding circuit 222. The 
gray-scale data DO to D2 are H-level or L-level digital 
data. The output circuit 241 is activated when the H-level 
enable signal is supplied from the operation control cir- 
cuit 20. The output circuit 241 outputs the gray-scale 
data DO to D2 which are read from the pixel 13 by the 
sampling/holding circuit 222 to the input/output termi- 
nals I/O0 to I/02. 

[0062] Y address signals AyO to Ayi are supplied from 
a high-level device (not shown) to the Y address buffer 
210. The Y address buffer 210 is activated when the H- 
level enable signal is supplied from the operation control 
circuit 20, and outputs the Y address signals AyO to Ayi 
which are supplied thereto at that moment to the Y ad- 
dress decoder 211. 

[0063] The input terminals of the Y address decoder 
211 are connected to the output terminals of the Y ad- 
dress buffer 210, and the output terminals of the Y ad- 
dress decoder 211 are connected to an edge of each 
row selection line 1 1 (an edge at the right side in Fig. 1 ). 
The Y address decoder 211 decodes the Y address sig- 
nals AyO to Ayi which are output from the Y address buff- 
er 210 and alternatively outputs an H-level Y selection 
signal to one row selection line 11 from among the con- 
nected row selection lines 11. Accordingly, the row se- 
lection line 11 in accordance with the Y address signals 
AyO to Ayi is alternatively selected. 



14 

[0064] In contrast, X address signals AxO to Axj are 
supplied from the high-level device (not shown) to the 
X address buffer 220. The X address buffer 220 is acti- 
vated when the H level enable signal is supplied from 

5 the operation control circuit 20, and outputs the X ad- 
dress signals AxO to Axj which are supplied thereto at 
that moment to the X address decoder 221. The input 
terminals of the X address decoder 221 are connected 
to the output terminals of the X address buffer 220, and 

10 the output terminals of the X address decoder 221 are 
connected to the input terminals of the sampling/holding 
circuit 222. The X address decoder 221 decodes the X 
address signals AxO to Axj output from the X address 
buffer 220 and generates an X selection signal. The X 

15 selection signal is a signal for alternatively selecting a 
column selection line 12 from among the column selec- 
tion lines 12 in accordance with the X address signals 
AxO to Axj. 

[0065] The sampling/holding circuit 222 outputs the 
20 gray-scale data DO, D1 , and D2 which are supplied from 
the input circuit 240 to the column selection line 1 2 spec- 
ified by the X selection signal output from the X address 
decoder 221. 

[0066] With this arrangement, in the write mode, the 
25 gray-scale data DO, D1, and D2 output from the input 
circuit 240 are supplied to the pixel 1 3 corresponding to 
an intersection of the row selection line 11 to which the 
Y selection signal generated by the Y address decoder 
221 is output and the column selection line 12 specified 
30 by the X selection signal generated by the X address 
decoder 221. 

[0067] In this embodiment, a voltage that turns on the 
pixel 1 3 or a voltage that turns off the pixel 1 3 is applied 
to the pixel 13 with time density in accordance with the 

35 gray-scale data DO to D2 and gray-scale signals P0 to 
P2 (details are described hereinafter). The gray-scale 
signal generating circuit 23 is a circuit that generates 
and outputs the gray-scale signals P0, P1 , and P2. The 
gray-scale signals P0, P1 , and P2 are at the H level for 

40 a predetermined period of time in each field. Details are 
described as follows. 

[0068] In this embodiment, one field (1f) is divided into 
three sub-fields Sf1 to Sf3. In units of sub-fields, the pix- 
els 13 are turned on or off, thereby performing 8-level 

45 gray-scale display. The specific time period in each sub- 
field will now be described (see Fig. 6(a)). 
[0069] The sub-field Sf1 is set as follows. By applying 
the voltage VH to the liquid crystal layer in the sub-field 
Sf1 in one field (1f), the effective voltage value applied 

so to the liquid crystal layer in that field (1f) becomes volt- 
age V4 (see Fig. 4) in accordance with a transmissivity 
of 57.1% corresponding to a gray-level of 2 2 (=4). Spe- 
cifically, the effective voltage value can be obtained by 
finding the root mean square of the instantaneous volt- 

55 age values over one period (1 field (1f)). Thus, the sub- 
field Sf 1 is set at a time period of (V4/VH) 2 with respect 
to one field (1f). 

[0070] The sub-field Sf2 is set as follows. By applying 
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the voltage VH to the liquid crystal layer in the sub-field 
Sf2 in one field (1f), the effective voltage value applied 
to the liquid crystal layer in that field (1f) becomes V1 
(see Fig. 4) in accordance with a transmissivity of 1 4.3% 
corresponding to a gray-level of 2° (=1). Similarly, the 5 
sub-field Sf3 is set as follows. By applying the voltage 
VH to the liquid crystal layer in the sub-field Sf3 in one 
field (1f). the effective voltage value applied to the liquid 
crystal layer in that field (1f) becomes voltage V2 in ac- 
cordance with a transmissivity of 28.6% corresponding 10 
to a gray-level of 2 1 (=2). 

[0071] The specifictime periodsof the sub-fields have 
been described as above. In this embodiment, the time 
period of each sub-field is set at a time period in which 
an effective voltage which implements gray-scale dis- 
play at 2°, 2 1 , or 2 2 level is applied to the liquid crystal 
layer of the pixel. 

[0072] In this embodiment, a case has been de- 
scribed in which 8-level gray-scale display in accord- 
ance with 3-bit gray-scale data is performed. However, 
it is understood that the present invention is not limited 
to this case. For example, when performing 2 k -level 
gray-scale display in accordance with k-bit gray-scale 
data (where k is a natural number such as 1, 2, 3, ...), k 
sub-fields are provided, and time periods of the sub- 
fields should be set at time periods in which effective 
voltages for displaying 2°, 2 1 , 2 2 2 k " 1 levels are ap- 
plied to the liquid crystal layer of the pixel. 
[0073] The gray-scale signals P0 to P2 generated by 
the gray-scale signal generating circuit 23 each become 
the H level in any one of the sub-fields obtained by di- 
viding one field (1f). Specifically, as shown in Fig. 6(a), 
the gray-scale signal P0 is a signal that becomes the H 
level only in the sub-field Sf2. The gray-scale signal P1 
is a signal that becomes the H level only in the sub-field 
Sf3. The gray-scale signal P2 is a signal that becomes 
the H level only in the sub-field Sf 1 . 
[0074] Fig. 2 is a circuit diagram of the specific struc- 
ture of the pixel 13 of the electro-optical device accord- 
ing to this embodiment. As shown in the drawing, the 
pixel electrode of the pixel 13 includes memory cells 
130a, 130b, and 130c, a gray-scale control circuit 138, 
an inverter 133, transmission gates 134a and 134b, a 
pixel electrode 135, a counter electrode 136, and liquid 
crystal 137. In the following description, when it is un- 
necessary to distinguish one memory cell from the 
memory cells 130a, 130b, and 130c, they are simply re- 
ferred to as memory cells 130. The same applies to the 
reference numerals of the other parts. 
[0075] In Fig. 1 , in order to simplify the drawing, it is 
illustrated that m pixels 13 for one column are connected 
to one column selection line 12. More specifically, as 
shown in Fig. 2, each column selection line 12 consists 
of column selection lines 120, 121, and 122. The gray- 
scale data DO, D1, and D2 are supplied to the column 
selection lines 120, 121, and 122, respectively. 
[0076] As shown in Fig. 2, the number of memory cells 
130 (three in this embodiment) corresponds to the 



number of bits of the gray-scale data. The column se- 
lection line 120 is connected to the memory cell 130a, 
and the gray-scale data DO is supplied to the memory 
cell 130a. The column selection line 121 is connected 
to the memory cell 130b, and the gray-scale data D1 is 
supplied to the memory cell 130b. The column selection 
line 122 is connected to the memory cell 130c, and the 
gray-scale data D2 is supplied to the memory cell 130c. 
The memory cells 130a, 130b, and 130c are connected 
to the row selection line 11 to which the Y selection sig- 
nal is supplied. 

[0077] Fig. 3 illustrates the specific structure of each 
memory cell 130. As shown in the drawing, the memory 
cell 1 30 is formed of a static memory (SRAM) consisting 
of inverters 1301, 1302 and transistors 1303, 1304. 
[0078] As shown in Fig. 3, the inverters 1301 and 
1302 form a flip-flop in which the output terminal of one 
inverter is connected to the input terminal of the other 
inverter, and form a 1-bit memory. In contrast, the tran- 
sistors 1 303 and 1 304 are N-channel transistors that en- 
ter an on-state when the 1-bit memory is written or read. 
The drain of each of the transistors 1303 and 1304 is 
connected to each input terminal of the inverters 1302 
and 1301 , and the gate of each of the transistors 1303 
and 1 304 is connected the row selection line 11 to which 
the Y selection signal is supplied. 
[0079] In Fig. 2, in order to simplify the drawing, it is 
illustrated that one of the column selection lines 120, 
121 , and 122 is connected to one memory cell 130. Ac- 
tually, as shown in Fig. 3, each of the column selection 
lines 120, 121, and 122 is formed of two wires 12a and 
1 2b. Specifically, the two column selection lines 12a and 
12b are wired to one memory cell 130. 
[0080] The source of the transistor 1 303 is connected 
to the column selection line 12a, and the source of the 
transistor 1 304 is connected to the column selection line 
12b. One of the gray-scale data DO, D1, and D2 (indi- 
cated by "D" in Fig. 3) is supplied to the column selection 
line 12a. To the column selection line 12b, data (indicat- 
ed by 7D" in Fig. 3) obtained by inverting the level of the 
gray-scale data supplied to the column selection line 
12a is supplied. 

[0081] Each memory cell 1 30 has the above configu- 
ration. By outputting an H-level Y selection signal to the 
row selection line 11 , the transistors 1303 and 1304 are 
turned on. In this state, when the gray-scale data and 
the level-inverted data are supplied to the column se- 
lection lines 12a and 12b, respectively, the gray-scale 
data is stored in the memory formed of the inverters 
1301 and 1302. The stored data is maintained even 
when the Y selection signal becomes the L level and the 
transistors 1 303 and 1 304 are turned off. In the following 
description, the output of the inverter 1 301 is referred to 
as Q output, and the output of the inverter 1302 is re- 
ferred to as /Q output. 

[0082] Referring back to Fig. 2, the Q output of each 
memory cell 130 in the pixel 13 and the gray-scale sig- 
nals P0, P1, and P2 output from the gray-scale signal 
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generating circuit 23 are input to the gray-scale control 
circuit 138. The gray-scale control circuit 138 performs 
arithmetic processing of the input signals, thereby gen- 
erating and outputting a pulse signal PW with time den- 
sity in accordance with the gray-scale data DO to D2 writ- 
ten to each memory cell 1 30 in one field (1 f). Specifically, 
the gray-scale control circuit 138 includes AND gates 
131a, 131b, and 131c, and the number of AND gates 
131 corresponds to the number of memory cells 130. 
The Q output of the memory cell 130 is input to one of 
two input terminals of each AND gate 131. The other 
input terminal of each AND gate 131 is connected to 
wires to which the gray-scale signals P0, P1, and P2 
generated by the gray-scale signal generating circuit 23 
are supplied. As a result, each AND gate 131 imple- 
ments an AND operation of the two input signals. The 
output signals from the AND gates 131a to 131c are in- 
put to an OR gate 1 32, and the OR gate 1 32 implements 
an OR operation of the input signals. Details are de- 
scribed hereinafter. With this arrangement, the pulse 
signal PW with time density in accordance with the gray- 
scale data DO to D2 is output from the gray-scale control 
circuit 138. In this specification, time density is the ratio 
(density) of a time period in which a pixel is turned on 
(or off) to a time period of one field. 
[0083] The output terminals of the transmission gates 
1 34a and 1 34b are connected to the pixel electrode 1 35. 
The liquid crystal 137 is filled between the pixel elec- 
trode 135 and the counter electrode 136, thereby form- 
ing the liquid crystal layer. The counter electrode 136 is 
a transparent electrode formed over the opposing sub- 
strate so that the counter electrode 136 is opposed to 
the pixel electrode 135 formed on the device substrate. 
A field reverse signal FR is supplied from a voltage gen- 
erating circuit (not shown) to the counter electrode 1 36. 
The field reverse signal FR is a signal whose level is 
inverted every field (1f), such as from VH to VL, from VL 
to VH, and so forth (see Fig. 7). In order to simplify the 
description, concerning the level of the field reverse sig- 
nal FR, sometimes VH is simply referred to as the H lev- 
el, and VL is simply referred to as the L level. 
[0084] The pulse signal PW output from the gray- 
scale control circuit 138 is supplied to the gate of a P- 
channel transistor of the transmission gate 1 34a and to 
the gate of an N-channel transistor of the transmission 
gate 134b. After the level of the pulse signal PW is in- 
verted by the inverter 133, the pulse signal PW is sup- 
plied to the gate of an N-channel transistor of the trans- 
mission gate 134a and to the gate of a P-channel tran- 
sistor of the transmission gate 134b. The transmission 
gates 1 34a and 134b are the gates which are turned on 
by applying an L-level gate signal to the P-channel tran- 
sistors and an H-level gate signal to the N-channel tran- 
sistors. Thus, one of the transmission gates 134a and 
134b is turned on and the other is turned off in accord- 
ance with the level of the pulse signal PW. The input 
terminal of the transmission gate 134a is connected to 
a wire to which the above-described field reverse signal 



FR is supplied. In contrast, the input terminal of the 
transmission gate 134b is connected to a wire to which 
the signal /FR is supplied. The signal /FR is a signal ob- 
tained by inverting the level of the field reverse signal 

5 FR. In other words, when the field reverse signal FR is 
at the H level (= VH), the signal /FR is at the L level (= 
VL). When the field reverse signal FR is at the L level 
(= VL), the signal /FR is at the H level (= VH). 
[0085] With this arrangement, when the H-level pulse 

10 signal PW is supplied from the gray-scale control circuit 
138, the transmission gate 134a is turned off, and the 
transmission gate 134b is turned on. Thus, the signal 
/FR is supplied to the pixel electrode 135 through the 
transmission gate 134b. As a result, the difference volt- 

15 age VH between the voltage applied to the pixel elec- 
trode 135 and the voltage applied to the counter elec- 
trode 1 36 is applied to the liquid crystal layer of the pixel 
1 3, thereby turning on the pixel 1 3. In contrast, when the 
L-level pulse signal PW is supplied from the gray-scale 

20 control circuit 1 38, the transmission gate 1 34a is turned 
on, and the transmission gate 134b is turned off. Thus, 
the field reverse signal FR is supplied to the pixel elec- 
trode 135. As a result, the voltage applied to the liquid 
crystal layer of the pixel 1 3 is VL (= 0V). As a result, the 

25 pixel 13 is turned off. 

[0086] In Fig. 2, an example in which the gray-scale 
control circuit 138 includes three AND gates and one 
OR gate has been descried. However, it is understood 
that the configuration of the gray-scale control circuit 

30 138 is not limited to this example. In short, any circuit 
can be used as long as it can generate a pulse signal 
PW with time density in accordance with gray-scale data 
DO to D2 using the gray-scale data and a plurality of 
gray-scale signals whose levels are periodically invert- 

35 ed. 

B-2: Operation of first embodiment 

[0087] The operation of the electro-optical device ac- 

40 cording to this embodiment is described. 

[0088] The operation in a case in which gray-scale da- 
ta is written to the memory in the pixel 13 in the write 
mode in order to perform gray-scale display is de- 
scribed. In order to simplify the description, the opera- 

45 tion in a case in which gray-scale data DO to D2 are sup- 
plied to one pixel is described. 
[0089] First, when the L-level chip enable signal /CE 
and the L-level write enable signal /WE are supplied 
from the high-level device (not shown), the electro-op- 

50 tical device enters the write mode. Each portion of the 
electro-optical device performs the operation in order to 
write the gray-scale data to the pixel 13. 
[0090] The Y address decoder 211 decodes the Y ad- 
dress signals AyO to Ayi received through the Y address 

55 buffer 21 0 and outputs the H-level Y selection signal to 
the row selection line 11 specified by the Y address sig- 
nals AyO to Ayi. 

[0091] In contrast, the X address decoder 211 de- 
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codes the X address signals AxO to Axj received through 
the X address buffer 220, to generate and output the X 
selection signal. 

[0092] The input circuit 240 is activated when the H- 
level enable signal is supplied from the operation control 
circuit 20. The input circuit 240 outputs the gray-scale 
data DO to D2, which are supplied from the high-level 
device through the input/output terminals I/O0 to I/02, 
to the sampling/holding circuit 222. The sampling/hold- 
ing circuit 222 outputs the gray-scale data DO to D2, 
which are supplied from the input circuit 240, to the col- 
umn selection line 12 specified by the X selection signal 
from the X address decoder 221. 
[0093] Then, the transistors 1303 and 1 304 (see Fig. 
3), which are in the memory cell 1 30 provided in the pixel 
13 to which the data is to be written, enter an on-state 
in response to the H-level Y selection signal. The gray- 
scale data DO to D2 output from the sampling/holding 
circuit 222 are written to the memory cells 130a, 130b, 
and 130c in the pixel 13, respectively. 
[0094] When the gray-scale data DO to D2 are written 
in the memory cells 130, the gray-scale control circuit 
1 38 generates and outputs the pulse signal PW that be- 
comes the H level or the L level in accordance with the 
gray-scale data DO to D2 and the gray-scale signals P0 
to P2. In a period in which the pulse signal PW is at the 
H level, a voltage that turns on the pixel is applied to the 
liquid crystal layer of the pixel. In contrast, in a period in 
which the pulse signal PW is at the L level, a voltage 
that turns off the pixel is applied to the liquid crystal layer 
of the pixel. 

[0095] Details are described as follows. 
[0096] Fig. 5 is a truth table showing the relationship 
of the gray-scale data DO to D2 and the gray-scale sig- 
nals P0 to P2 with the pulse signal PW output from the 
gray-scale control circuit 138 in the pixel 13. Fig. 6(b) is 
a timing chart showing waveforms of the pulse signals 
PW output from the gray-scale control circuit 138 in the 
pixel 13 in accordance with the gray-scale data DO to 
D2. 

[0097] When all of the gray-scale data DO to D2 are 
at the L level, as shown in Figs. 5 and 6(b), the pulse 
signal PW is at the L level in all of the sub-fields. 
[0098] When the gray-scale data is (LLH) (that is, 
when the gray-scale data D2 and D1 are at the L level 
and when the gray-scale data DO is at the H level; here- 
inafter the gray-scale data will be written in this manner), 
as indicated by the truth table in Fig. 5, the pulse signal 
PW is at the H level only when the gray-scale signal P0 
is at the H level. In other cases, the pulse signal PW is 
at the L level. Since the gray-scale signal P0 is at the H 
level in the sub-field Sf2 (see Fig. 6(a)), the pulse signal 
PW is at the H level only in the sub-field Sf2, as shown 
in Fig. 6(b). 

[0099] When the gray-scale data is (LHL), as indicat- 
ed by the truth table in Fig. 5, the pulse signal PW is at 
the H level only when the gray-scale signal P1 is at the 
H level. In other cases, the pulse signal PW is at the L 



level. Since the gray-scale signal P1 is at the H level in 
the sub-field Sf3 (see Fig. 6(a)), the pulse signal PW is 
at the H level only in the sub-field Sf3, as shown in Fig. 
6(b). When the gray-scale data is (LHH), as indicated 

5 by the truth table in Fig. 5, the pulse signal PW is at the 
H level when one of the gray-scale signals P0 and P1 
is at the H level. As shown in Fig. 6(a), the gray-scale 
signal P0 is at the H level in the sub-field Sf2, and the 
gray-scale signal P1 is at the H level in the sub-field Sf3. 

10 In other words, when the gray-scale data is (LHH), as 
shown in Fig. 6(b), the pulse signal PW is at the H level 
in the sub-fields Sf2 and Sf3. 

[01 00] The same applies to cases in which other gray- 
scale data are applied. Specifically, the sub-field in 

15 which the pulse signal PW is at the H level (or L level) 
is determined in accordance with the gray-scale data 
written to each memory cell 130 in the pixel 13. Accord- 
ingly, the gray-scale control circuit 138 has a function of 
performing arithmetic processing of the gray-scale data 

20 DO to D2 stored in each memory cell 130 and the gray- 
scale signals P0 to P1 , thereby generating the pulse sig- 
nal PW with time density in accordance with the gray- 
scale data DO to D2 in one field. 
[0101] A voltage applied to the pixel electrode 135 in 

25 the pixel 13 when the gray-scale data DO to D2 are ap- 
plied is described. Fig. 7 is a timing chart showing the 
relationship between the gray-scale data DO to D2 writ- 
ten to each memory cell 130 in the pixel 13 and the volt- 
age V applied to the pixel electrode 135 in the pixel 13 

30 in accordance with the gray-scale data DO to D2. Note 
that in Fig. 7, the waveform of the pulse signal PW 
shown in Fig. 6(b) is shown above each voltage V ap- 
plied to the pixel electrode 135 in accordance with the 
gray-scale data. 

35 [0102] When the gray-scale data is (LLL), the pulse 
signal PW is at the L level in all the sub-fields. In this 
case, since the transmission gate 134a shown in Fig. 2 
is in an on-state in all the sub-fields, the field reverse 
signal FR is applied to the pixel electrode 1 35 in the pixel 

40 13. At the same time, the field reverse signal FR is ap- 
plied to the counter electrode 136 which is opposed to 
the pixel electrode 135 with the liquid crystal 137 there- 
between. Thus, the voltage applied to the liquid crystal 
layer of the pixel is VL (= 0V) in all the sub-fields. As a 

45 result, the pixel 13 is in an off-state in all the sub-fields. 
In this case, the transmissivity of the liquid crystal is 0% 
in accordance with the gray-scale data (LLL). 
[0103] When the gray-scale data is (LLH), the pulse 
signal PW is at the H level in the sub-field Sf2, and at 

50 the L level in the other sub-fields. In this case, the trans- 
mission gate 134b is in an on-state in the sub-field Sf2. 
Thus, the signal /FR obtained by inverting the level of 
the field reverse signal FR is applied to the pixel elec- 
trode 135. On the contrary, since the transmission gate 

55 134a is in an on-state in the sub-fields Sf1 and Sf3, the 
field reverse signal FR is applied to the pixel electrode 
135. Thus, the voltage VH is applied to the liquid crystal 
layer of the pixel 13 in the sub-field Sf2, thereby turning 
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on the pixel 13. The voltage VL (= 0V) is applied to the 
liquid crystal layer in the sub-fields Sf1 and Sf3, thereby 
turning off the pixel 13. As a result, the effective voltage 
value applied to the liquid crystal layer of the pixel 13 in 
one field is V1 as shown in Fig. 4. The transmissivity of 
the pixel 13 is 14.3% in accordance with the gray-scale 
data (LLH). 

[0104] When the gray-scale data is (LHH), the pulse 
signal PW is at the H level in the sub-fields Sf2 and Sf3, 
and at the L level in the sub-field Sf1 . Thus, the voltage 
VH is applied to the liquid crystal layer of the pixel 1 3 in 
the sub-fields Sf2 and Sf3, thereby turning on the pixel 
13. Since the voltage applied to the liquid crystal layer 
of the pixel 13 in the sub-field Sf1 is VL (= 0V), the pixel 
13 is in an off-state. As a result, the effective voltage 
value applied to the liquid crystal layer of the pixel 13 in 
one field is V3 shown in Fig. 4. The transmissivity of the 
pixel 1 3 is 42.9% in accordance with the gray-scale data 
(LHH). 

[01 05] The same applies to cases in which other gray- 
scale data are applied. In other words, the signal /FR 
which has the inverted level to that of the field reverse 
signal FR is applied to the pixel electrode 135 in a sub- 
field in which the pulse signal PW is at the H level. As a 
result, the pixel 13 is in an on-state. 
[0106] On the other hand, in a sub-field in which the 
pulse signal PW is at the L level, the field reverse signal 
FR is applied to the pixel electrode 135, thereby tuning 
off the pixel 13. As a result, the effective voltage in ac- 
cordance with the gray-scale data is applied to the liquid 
crystal layer of the pixel 1 3 in one field, thereby achiev- 
ing the transmissivity in accordance with the gray-scale 
data. In other words, the voltage that turns on/off the 
pixel 13 is applied to the liquid crystal layer in the pixel 
13 with time density in accordance with the gray-scale 
data stored in each memory cell 130. Thus, in this em- 
bodiment, the gray-scale control circuit 138 shown in 
Fig. 2 corresponds to the "pulse duration control circuit" 
set forth in the claims. The transmission gates 134a and 
134b which are turned on/off by the pulse signal PW, 
which is the output signal from the gray-scale control 
circuit 1 38, correspond to the "switching circuit" set forth 
in the claims. A set of the gray-scale control circuit 138 
and the transmission gates 134a and 134b corresponds 
to the "pixel driving circuit" set forth in the claims. The 
pixel driving circuit is not limited to that illustrated in this 
embodiment. Any circuit can be used as long as it gen- 
erates a pulse signal with time density in accordance 
with gray-scale data and applies a voltage that turns on/ 
off each pixel in accordance with the pulse signal to the 
pixel. 

[0107] As described above, the field reverse signal 
FR is a signal whose level is inverted every field. There- 
fore, as shown in Fig. 7, a voltage applied to the liquid 
crystal layer of the pixel 13 in a particular field and a 
voltage applied to the liquid crystal layer of the pixel 13 
in a field prior to or subsequent to that particular field 
have opposite polarities. In other words, since the po- 



larity of the voltage applied to the liquid crystal layer is 
periodically inverted , application of a direct current (DC) 
component to the liquid crystal can be prevented. As a 
result, deterioration of the liquid crystal can be prevent- 
5 ed. 

[0108] According to this embodiment, one field is di- 
vided into a plurality of sub-fields. In units of sub-fields, 
the voltage VH that turns on each pixel 1 3 or the voltage 
VL (= 0V) that turns off each pixel 13 is applied to the 
10 liquid crystal layer of each pixel 13, thereby controlling 
the effective voltage value in one field. In other words, 
driving circuits can be formed using circuits that deal 
with digital values. Thus, peripheral circuits such as driv- 
ing circuits do not require circuits such as a high-accu- 
15 racy D/A converter circuit and an operational amplifier 
for processing analog signals. As a result, the circuit 
configuration is greatly simplified, and the cost of the 
overall device is reduced. In addition to this, since the 
voltage applied to the liquid crystal has two levels, dis- 
20 play unevenness due to nonuniformity in device char- 
acteristics and wiring resistances does not occur in the- 
ory. According to the electro-optical device of this em- 
bodiment, high-quality and high-definition gray-scale 
display can be performed. 
25 [0109] According to this embodiment, since the pixel 
1 3 is turned on/off with a time density in accordance with 
the gray-scale data DO to D2 stored in each memory cell 
130, when there is no change in the gray-scale data in 
the pixel 13, it is unnecessary to rewrite the gray-scale 
30 data. In other words, gray-scale display can be imple- 
mented by writing the gray-scale data only to the pixel 
1 3 when the gray-scale data is changed. Compared with 
a case in which the gray-scale data is written to all of 
the pixels every field, for example, the power consump- 
35 tion can be reduced significantly. In particular, when dis- 
playing still images or moving images in which there are 
not many changes in the images, the number of times 
the gray-scale data is written to the pixels is significantly 
reduced. As a result, the foregoing advantage becomes 
40 more noticeable. 

[0110] According to this embodiment, the operation in 
a write mode has been described. With the configuration 
shown in Fig. 1 , it is possible to read the gray-scale data 
written in a memory in the pixel 13 in a read mode. Spe- 
45 cifically, when the L-level chip enable signal /CE, the L- 
level output enable signal /OE, and the H-level write en- 
able signal /WE are supplied from the high-level device 
(not shown), the H-level enable signal is supplied to the 
Y address buffer 210, the X address buffer 220, and the 
50 output circuit 241. The gray-scale data is read from a 
memory in the pixel specified by the Y address signals 
AyO to Ayi and the X address signals AxO to Axj, and is 
output to the high-level device through the input/output 
terminals I/O0 to I/02. With this arrangement, the high- 
55 level device is not required to have a memory for storing 
the gray-scale data for each pixel. 
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C: Second embodiment 

[0111] An electro-optical device according to a sec- 
ond embodiment of the present invention will now be 
described . The electro-optical device of the second em- 5 
bodiment has the same structure as that of the electro- 
optical device of the first embodiment except for the 
gray-scale signals PO to P2 and the pixel structure. In 
the following description, therefore, only parts which dif- 
fer from the first embodiment are described. 
[0112] In the second embodiment, one field is divided 
into seven sub-fields. In units of sub-fields, each pixel 
is turned on/off, thereby implementing 8-level gray- 
scale display in accordance with 3-bit gray-scale data 
DO to D2. Aapplication of a voltage to each pixel and 
time-periods of sub-fields Sf 1 to Sf7 are specifically de- 
scribed as follows. 

[0113] For example, when gray-scale data (LLH) is 
applied to a particular pixel, that is, when performing 
gray-scale display in which the pixel has a transmissivity 
of 14.3%, the voltage VH is applied to the liquid crystal 
layer of the pixel in the sub-field Sf1 in one field (1f), 
while in the other sub-fields Sf2 to Sf7 t the voltage VL 
(= 0V) is applied to the liquid crystal layer. Since the ef- 
fective voltage value can be obtained by finding the root 
mean square of the instantaneous voltage value over 
one period (1 field), the sub-field Sf1 is set to a period 
of (V1/VH) 2 with respect to one field (1f). With this volt- 
age application, the effective voltage value applied to 
the liquid crystal layer in one field (1f) is V1. 
[0114] For example, when gray-scale data (LHL) is 
applied to a particular pixel, that is, when performing 
gray-scale display in which the pixel has a transmissivity 
of 28.6%, the voltage VH is applied to the liquid crystal 
layer in the sub-fields Sf1 and Sf2 in one field (10. while 
in the other sub-fields Sf3 to Sf7, the voltage VL is ap- 
plied to the liquid crystal layer. By setting the sub-fields 
Sf1 and Sf2 to a period of (V2/VH) 2 with respect to one 
field, with this voltage application, the effective voltage 
value applied to the liquid crystal layer in one field (1f) 
is V2. As described above, the sub-field Sf1 is set to a 
period of (V1A/H) 2 . Thus, the sub-field S2 can be set to 
a period of (V2WH) 2 -(V1A/H) 2 . 
[0115] Similarly, when gray-scale data (LHH) is ap- 
plied to a particular pixel, that is, when performing gray- 
scale display in which the pixel has a transmissivity of 
42.9%, the voltage VH is applied to the liquid crystal lay- 
er in the sub-fields Sf 1 to Sf3 in one field (1 f). In the other 
sub-fields Sf4 to Sf7, the voltage VL is applied to the 
liquid crystal layer. By setting the sub-fields Sf1 to Sf3 
to a period of (V3A/H) 2 with respect to one field (1 f), with 
this voltage application, the effective voltage value ap- 
plied to the liquid crystal layer is V3. As described above, 
the sub-fields Sf1 and Sf2 are set to a period of 
(V2A/H) 2 . Thus, the sub-field Sf3 can be set to a period 
of (V3A/H)2-(V2A/H) 2 . 

[0116] In the same way, a time period of each of the 
sub-fields Sf4 to Sf6 is determined. Finally, the sub-field 



Sf7 is set to a period obtained by subtracting the sub- 
fields Sf1 to Sf6 from one field (1f). As described above, 
however, it is necessary to ensure that the sum of time 
periods of the sub-fields Sf1 to Sf7 is greater than or 
equal to (V7A/H) 2 with respect to one field (1 f). It is noted 
that even when the sum of time periods of the sub-fields 
Sf1 to Sf7 is longer than a time period of (V7A/H) 2 with 
respect to one field (1f), that is, when the voltage effec- 
tive value applied to the liquid crystal layer exceeds V7 
in Fig. 4, the transmissivity is 100% due to saturation. 
[0117] In the second embodiment, the voltage applied 
to the liquid crystal layer in one field differs from that in 
the first embodiment. Thus, the gray-scale signals P0, 
P1 , and P2 output from the gray-scale signal generating 
circuit 23 differ from those in the first embodiment. 
[01 1 8] Fig. 1 0(a) is a timing chart showing waveforms 
of the gray-scale signals P0 to P2 in the second embod- 
iment. As shown in the drawing, each gray-scale signal 
is set so that it is at the H level or the L level in units of 
sub-fields within one field. In the second embodiment, 
as shown in Fig. 10(a), output signals from a 3-bit coun- 
ter that counts from "1 n to "7" are used as the gray-scale 
signals P0 to P2. Specifically, in the sub-field Sf1, the 
gray-scale signals P0, P1, and P2 are at the H level, L 
level, and L level, respectively, thereby indicating a 
counter value of "1". In the sub-field Sf2, the gray-scale 
signals PO, P1, and P2 are at the L level, H level, and L 
level, respectively, thereby indicating a counter value of 
"2". In the sub-field Sf3, the gray-scale signals P0, P1, 
and P2 are at the H level, H level, and L level, respec- 
tively, thereby indicating a counter value of "3". 
[01 1 9] Fig. 8 is a circuit diagram of the specific struc- 
ture of a pixel 13a in the electro-optical device of the 
second embodiment. Each memory cell 130 shown in 
Fig. 8 is similar to that of the first embodiment as shown 
in Fig. 3 except that the former has a structure in which 
the output (/Q output) of the inverter 1 302 in the memory 
cell 130 is supplied to a gray-scale control circuit 138a 
at the subsequent stage. 

[0120] As shown in Fig. 8, the gray-scale control cir- 
cuit 138a is a comparator circuit that includes an OR 
gate to which the /Q output from the memory cell 130b 
and the gray-scale signal P1 are input, an OR gate to 
which the /Q output from the memory cell 1 30c and the 
gray-scale signal P2 are input, three AND gates, and an 
OR gate at the final output. Furthermore, the inverter 
1 33 to which an output signal from the gray-scale control 
circuit 138a is input as an input signal is provided. In the 
following description, an output signal from the inverter 
133 shown in Fig. 8 is referred to as a pulse signal PW. 
[0121] With this arrangement, the gray-scale signals 
P0 to P2 supplied from the gray-scale signal generating 
circuit 23 are compared with the gray-scale data DO to 
D2 written to each memory cell 130. When the counter 
value indicated by the gray-scale signals P0 to P2 is less 
than or equal to the value indicated by the gray-scale 
data DO to D2, an H-level pulse signal PW is output. 
When the counter value indicated by the gray-scale sig- 
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nals P0 to P2 exceeds the value indicated by the gray- 
scale data DO to D2, an L-level pulse signal PW is out- 
put. As a result, the pulse signal PW with time density 
in accordance with the gray-scale data DO to D2 is ob- 
tained. It is understood that the gray-scale control circuit 
138a and the inverter 133 can have any structure as 
long as they can output the pulse signal PW with time 
density in accordance with the gray-scale data DO to D2, 
and the structure is not limited to that shown in Fig. 8. 
[0122] With reference to a truth table shown in Fig. 9 
and a timing chart shown in Fig. 10(b), the relationship 
of the pulse signal PW with the gray-scale data DO to 
D2 and the gray-scale signals P0 to P2 is described. 
[0123] As shown in Figs. 9 and 10(b), when gray- 
scale data (LLL) is written to each memory cell 130 in 
the pixel 13a, the pulse signal PW is at the L level in ali 
of the sub-fields. In other words, the value that corre- 
sponds to the gray-scale data is "0". On the other hand, 
as shown in Fig. 10(a), the comparison object, that is, 
the counter value indicated by the gray-scale signals, is 
never less than or equal to "0". As a result, as shown in 
Figs. 9 and 10(b), the pulse signal PW is at the L level 
in ali the sub-fields. 

[0124] When gray-scale data (LLH) is written to each 
memory cell 130 in the pixel 13a, and when the counter 
value indicated by the gray-scale signals is less than or 
equal to the value T that corresponds to the gray-scale 
data (LLH), the pulse signal PW is at the H level. When 
the counter value exceeds the value "1 the pulse signal 
PW is at the L level. As shown in Fig. 1 0(a), the counter 
value indicated by the gray-scale signals is less than or 
equal to "1" only in the sub-field Sf1. Accordingly, as 
shown in Figs. 9 and 1 0(b), the pulse signal PW is at the 
H level only in the sub-field Sfi. In the other sub-fields 
Sf2 to Sf7 (that is, in sub-fields in which the counter val- 
ue indicated by the gray-scale signals exceeds the yalue 
"1"), the pulse signal PW is at the L level. 
[0125] Next, it is assumed that gray-scale data (LHL) 
that corresponds to the value "2" is written to each mem- 
ory cell 130. As shown in Fig. 10(a), the counter value 
indicated by the gray-scale signals is less than or equal 
to the value "2" only in the sub-fields Sf1 and Sf2. Ac- 
cordingly, as shown in Figs. 9 and 10(b), the pulse signal 
PW is at the H level in the sub-fields Sf1 and Sf2. In the 
other sub-fields Sf3 to Sf7 (that is, in sub-fields in which 
the counter value indicated by the gray-scale signals ex- 
ceeds the value "2" indicated by the gray-scale data), 
the pulse signal PW is at the L level. The same applies 
to cases in which other gray-scale data is applied. In the 
second embodiment, the value indicated by the applied 
gray-scale data is compared with the counter value in- 
dicated by the gray-scale signals, and the level of the 
pulse signal PW is set in accordance with the compari- 
son result. In other words, sub-fields in which the pulse 
signal PW is at the H level and sub-fields in which the 
pulse signal PW is at the L level are determined in ac- 
cordance with the comparison result. 
[01 26] Referring to Fig. 1 1 , the voltage V which is ap- 



plied to the pixel electrode 135 in the pixel 13a by out- 
putting the pulse signal PW having the above-described 
waveform is described. In Fig. 11, as in Fig. 7, the pulse 
signal PW (shown in Fig. 10(b)) in accordance with gray- 
5 scale data is shown above each voltage V applied to the 
pixel electrode 135 in accordance with the gray-scale 
data. 

[01 27] When gray-scale data is (LLL), the pulse signal 
PW is at the L level in ali the sub-fields. Thus, the field 
10 reverse signal FR is applied to the pixel electrode 135 
in the pixel 13a in ail the sub-fields. As a result, the pixel 
1 3a is in an off-state in all the sub-fields. Thus, the trans- 
missivity is 0% in accordance with the gray-scale data 
(LLL). 

15 [0128] When gray-scale data is (LLH), the pulse sig- 
nal PW is at the H level in the sub-field Sf1 . In the other 
sub-fields Sf2 to Sf7, the pulse signal PW is at the L 
level. Thus, in the sub-field Sf1 , the signal /FR obtained 
by inverting the level of the field reverse signal FR is 

20 applied to the pixel electrode 1 35 in the pixel 1 3a, there- 
by turning on the pixel 1 3a. In the sub-fields Sf2 to Sf7, 
the field reverse signal FR is applied to the pixel elec- 
trode 135 in the pixel 13a, thereby turning off the pixel 
13a. Since the sub-field Sf1 is set to a time period of 

25 (V1/VH) 2 with respect to one field (1 f), the effective volt- 
age value applied to the liquid crystal layer in the pixel 
1 3a in one field is V1 as shown in Fig 4. Thus, the trans- 
missivity of the pixel 13a is 14.3% in accordance with 
the gray-scale data (LLH). 

30 [0129] When gray-scale data is (LHL), the pulse sig- 
nal PW is at the H level in the sub-fields Sf1 and Sf2, 
while in the other sub-fields Sf3 to Sf7, the pulse signal 
PW is at the L level. In the sub-field Sf1 to Sf2, the volt- 
age VH is applied to the liquid crystal layer in the pixel 

35 13a, and hence the pixel 13a is in an on-state. In the 
sub-fields Sf3 to Sf7, the voltage VL (= 0V) is applied to 
the liquid crystal layer of the pixel 13a, and hence the 
pixel 13a is in an off-state. Since the sub-fields Sf1 and 
Sf2 are set to a time period of (V2/VH) 2 with respect to 

40 one field (1f), the effective voltage value applied to the 
liquid crystal layer in the pixel 13a in one field is V2 as 
shown in Fig. 4. Thus, the transmissivity of the pixel 1 3a 
is 28.6% in accordance with the gray-scale data (LHL). 
[0130] The same applies to cases in which other gray- 

45 scale data is applied. Specifically, in sub-fields in which 
the pulse signal PW is at the H level, the signal /FR is 
applied to the pixel electrode 135, thereby turning on the 
pixel 13a. In sub-fields in which the pulse signal PW is 
at the L level, the field reverse signal FR is applied to 

50 the pixel electrode 135, thereby turning off the pixel 13a. 
As a result, the effective voltage in accordance with the 
gray-scale data is applied to the liquid crystal layer in 
the pixel 13a, and hence the transmissivity in accord- 
ance with the gray-scale data is obtained. 

55 [0131] According to the second embodiment, in addi- 
tion to advantages similar to those of the first embodi- 
ment, the following advantages can be obtained. 
[0132] Although the first embodiment is advanta- 
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geous in that the configuration is simple, because of a 
predetermined weight given to the time period of each 
sub-field, the effective voltage (or increment thereof) 
that can be applied to the liquid crystal layer is deter- 
mined in accordance with a manner in which the weight 
is determined. As there are various types of liquid crystal 
which have different voltage/transmissivity characteris- 
tics, it may be impossible to apply an effective voltage 
in accordance with desired transmissivity to the liquid 
crystal layer, depending on the type of liquid crystal to 
be used. In other words, when the method according to 
the first embodiment is performed, there is a problem in 
that it is difficult to flexibly work with various types of 
liquid crystal having different voltage/transmissivity 
characteristics. 

[0133] On the other hand, according to the second 
embodiment, it is possible to arbitrarily set the time pe- 
riod of each sub-field in accordance with a voltage/trans- 
missivity characteristic of the liquid crystal to be used. 
In other words, it is possible to arbitrarily set the time 
period of each sub-field in accordance with the voltage/ 
transmissivity characteristic of the liquid crystal to be 
used so that an effective voltage in accordance with de- 
sired transmissivity can be applied to the liquid crystal 
layer. Accordingly, the second embodiment is advanta- 
geous to the method of the first embodiment in that it is 
possible to flexibly work with various types of liquid crys- 
tal having different voltage/transmissivity characteris- 
tics. 

[0134] In the second embodiment, by changing the 
period in which the level of each gray-scale signal gen- 
erated by the gray-scale signal generating circuit 23 is 
inverted, the time period of each sub-field can be 
changed. As a result, the second embodiment is advan- 
tageous in that the time period of each sub-field is easily 
adjusted in accordance with the voltage/transmissivity 
characteristic of the liquid crystal to be used. 

D: Third embodiment 

[0135] An electro-optical device according to a third 
embodiment of the present invention is now described. 
[0136] The electro-optical device of the third embod- 
iment has the same structure as that of the foregoing 
embodiments except for the gray-scale signals and the 
pixel structure. Accordingly, descriptions of the common 
portions with those of the foregoing embodiments are 
omitted. 

[01 37] According to the third embodiment, one field is 
divided into eight sub-fields SfO to Sf7. In units of sub- 
fields, a pixel 13b is turned on/off, thereby performing 
8-level gray-scale display. From among the eight sub- 
fields SfO to Sf7 obtained by dividing one field, the pixel 
13b is in an off-state in the first sub-field SfO regardless 
of the gray-scale data. 

[01 38] The sub-field SfO is required to be set to a pe- 
riod of 1 - (V7/VH) 2 with respect to one field (1f). Thus, 
the sub-field Sf7 is set to a period of (V7/VH) 2 - (V6/VH) 2 



with respect to one field (1f) (details are described here- 
inafter). 

[01 39] In the other sub-fields Sf1 to Sf6, the pixel 1 3b 
is turned on or turned off as in the second embodiment. 
5 [0140] In the sub-fields Sf1 to Sf7, the gray-scale sig- 
nals P0 to P2 used in the third embodiment are the same 
as those in the second embodiment. In the sub-field SfO, 
as shown in Fig. 14(a), all the gray-scale signals P0, P1 , 
and P2 are at the L level. 

10 [0141] Fig. 12 is a circuit diagram of the specific struc- 
ture of the pixel 13b in the electro-optical device of the 
third embodiment. As shown in the drawing, the struc- 
ture of the pixel 13b of the third embodiment is similar 
to that of the pixel 13a in the second embodiment as 

*5 shown in Fig. 8 except for a portion of the structure. Spe- 
cifically, the pixel 13b of the third embodiment includes, 
besides parts included in the pixel 13a of the second 
embodiment, an NOR gate 1 39a to which the gray-scale 
signals P0, P1 , and P2 are supplied as input signals and 

20 an NAND gate 1 39b to which an output signal from the 
NOR gate 1 39a and an output signal from the gray-scale 
control circuit 138a are supplied as input signals. Note 
that in the following description, an output signal from 
the NAND gate 1 39b is referred to as a pulse signal PW. 

25 [0142] Fig. 13 is a truth table showing the relationship 
of the gray-scale data DO to D2 and the gray-scale sig- 
nals PO to P2 with the pulse signal PW output from the 
NAND gate 139b in the pixel 13b. Fig. 14(b) is a timing 
chart showing the waveform of the pulse signal PW in 

30 accordance with the gray-scale data DO to D2. As de- 
scribed above, the gray-scale signals P0 to P2 are at 
the L level in the sub-field SfO. In this case, an H-level 
signal is output from the NOR gate 1 39a in the pixel 1 3b 
shown in Fig. 12, and this signal is input to the NAND 

35 gate 139b. As a result, as shown in Figs. 13 and 14(b), 
the pulse signal PW is at the L level regardless of the 
gray-scale data. As shown in Figs. 13 and 14(b), the 
levels of the pulse signal PW in the sub-fields Sf1 to Sf7 
excluding the sub-field SfO are the same as those shown 

40 in Fig. 10(b). 

[0143] Referring to Fig. 15, the voltage which is ap- 
plied to the pixel electrode 135 in the pixel 13b by out- 
putting from the NAND gate 139b the pulse signal PW 
having the above-described waveform is described. 

45 [0144] For example, when gray-scale data is (LLH), 
the pulse signal PW is at the H level in the sub-field Sf1 . 
In the other sub-fields SfO and Sf2 to Sf7, the pulse sig- 
nal PW is at the L level. In this case, the pixel 13b is in 
an on-state only in the sub-field Sf1 . Thus, the transmis- 

50 sivity of the pixel 13b is 14.3% in accordance with the 
gray-scale data (LLH). 

[0145] When gray-scale data is (HHH), the pulse sig- 
nal PW is at the L level in the sub-field SfO. In the other 
sub-fields Sf1 to Sf7, the pulse signal PW is at the H 
55 level. Therefore, in the sub-field SfO, the pixel 13b is in 
an off-state, while in the other sub-fields Sf1 to Sf7, the 
pixel 13b is in an on-state. As a result, the transmissivity 
in accordance with the gray-scale data (HHH) can be 
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obtained. 

[0146] According to the third embodiment, in addition 
to the advantages similar to those of the foregoing em- 
bodiments, the following advantages can be obtained 
by providing a sub-field in which the pixel 13b is turned 
off regardless of the gray-scale data. 
[0147] Although an example of a voltage/transmissiv- 
ity characteristic of the liquid crystal is shown in Fig. 4, 
not all types of liquid crystal have such a characteristic. 
In other words, there may be a type of liquid crystal that 
has a voltage/transmissivlty characteristic as shown in 
Fig. 16. Specifically, when a voltage greater than or 
equal to the threshold value VTH2 is applied to this liquid 
crystal, the transmissivity decreases in accordance with 
the applied voltage. 

[0148] In the electro-optical device of the second em- 
bodiment, when gray-scale data (HHH) is applied, and 
a voltage that turns on the pixel 1 3a is applied to the 
pixel 13a in all the sub-fields, the effective voltage value 
applied to the liquid crystal layer in one field may be 
greater than or equal to the voltage VTH2. When the 
liquid crystal having the voltage/transmissivity charac- 
teristic shown in Fig. 4 is used, no problem occurs even 
when an effective voltage greater than or equal to the 
voltage VTH2 is applied, since a transmissivity of 100% 
can be obtained in accordance with the gray-scale data 
(HHH). However, when the liquid crystal with the volt- 
age/transmissivity characteristic shown in Fig. 16 is 
used, and when an effective voltage greater than or 
equal to the voltage VTH2 is applied, the actual trans- 
missivity falls below 100% even though the transmissiv- 
ity must be 100% in accordance with the gray-scale data 
(HHH). As a result, a problem may occur that a dis- 
played image has a low contrast. 
[0149] On the other hand according to the third em- 
bodiment, the sub-field SfO in which the pixel 13b is 
turned off regardless of the gray-scale data is provided. 
By setting the time period of the sub-field SfO so that the 
effective voltage VTH2 is applied to the liquid crystal lay- 
er in the pixel 13b when the pixel 13b is an on-state in 
the sub-fields Sf1 to Sf7 excluding the sub-field SfO, the 
foregoing problem does not occur, and hence a trans- 
missivity of 100% can be obtained in accordance with 
the gray-scale data (HHH). As a result, a displayed im- 
age can get a high contrast. The time-period of each of 
the sub-fields SfO to Sf7 is easily changed by adjusting 
the period of each gray-scale signal generated by the 
gray-scale signal generating circuit 23. 
[0150] According to the third embodiment, the pixel 
13b is in an off-state in the first sub-field SfO in each 
field. However, the sub-field SfO is not required to be at 
the beginning of a field. The number of such a sub-field 
in one field is not restricted to one. For example, it is 
possible to turn off the pixel 13b regardless of gray-scale 
data in a plurality of sub-fields (from among the sub- 
fields Sf1 to Sf7) in one field. 



E: Modifications 

[0151] Although the embodiments of the present in- 
vention have been described hereinabove, the embod- 
5 iments are only examples and can be modified within 
the scope of the present invention. Modifications de- 
scribed hereinafter may be conceived. 

< Modification 1> 

10 

[0152] Although it has been described in the above 
embodiments that timing for inverting the level of the 
field reverse signal FR is in synchronization with timing 
for switching the field, it is not necessarily required to do 
*5 so. Specifically, timing for switching the field reverse sig- 
nal FR can be completely independent of timing for 
switching the field. Thus, the period in which the level of 
the field reverse signal FR is inverted can be set to a 
period in which the least amount of flicker is generated. 
For example, the level of the field reverse signal FR can 
be inverted every sub-field. Alternatively, the level of the 
field reverse signal FR can be inverted every few sub- 
fields within one field. Also, the level of the field reverse 
signal FR can be inverted with a period differing from 
that of the field or sub-field. By inverting the level of the 
field reverse signal FR in this manner, the polarity inver- 
sion period of a voltage applied to the liquid crystal layer 
can be reduced, thereby reducing the amount of flicker. 
When the level of the field reverse signal FR is inverted 
with a period shorter than one field, only the polarity of 
a voltage applied to the liquid crystal 137 is inverted. 
Thus, the effective voltage applied to the liquid crystal 
in one field is substantially the same as that in the fore- 
going embodiments, 

< Modification 2 > 

[0153] According to the foregoing embodiments, the 
field reverse signal FR whose level is inverted every field 
is applied to the counter electrode 136. At the same 
time, when turning on the pixel 13, the signal /FR ob- 
tained by inverting the level of the field reverse signal 
FR is applied to the pixel electrode 135. When turning 
off the pixel 13, the field reverse signal FR is applied to 
the pixel electrode 135. As a result, the voltage VH or 
VL is applied to the liquid crystal layer. However, a meth- 
od for applying the voltage VH or VL to the liquid crystal 
layer is not limited to that in the foregoing embodiments. 
For example, the following method can be used. 
[01 54] In modification 2, a constant voltage Vc is ap- 
plied to the counter electrode 136, while one of voltages 
V1, Vc, and V2 is applied to the pixel electrode 135, 
thereby turning on or off the pixel 13. The voltage V1 is 
a voltage which is higher than the voltage Vc by the volt- 
age VH. The voltage V2 is a voltage which is lower than 
the voltage Vc by the voltage VH. 
[0155] In modification 2, the voltage Vc is applied to 
the input terminal of the transmission gate 134a shown 
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in Fig. 2 (or Fig. 8 or Fig. 12). One of the voltages V1 
and V2 is applied to the input terminal of the transmis- 
sion gate 134b in accordance with the level of the field 
reverse signal FR. Specifically, when the field reverse 
signal FR is at the H level, the voltage V1 is applied to 
the input terminal of the transmission gate 134b. When 
the field reverse signal is at the L level, the voltage V2 
is applied to the input terminal of the transmission gate 
134b. 

[0156] Referring to Fig. 17, the voltage V applied to 
the pixel electrode 1 3 in modification 2 is described. Fig. 
1 7 illustrates a voltage applied to the pixel electrode 1 35 
when modification 2 is applied to the electro-optical de- 
vice according to the first embodiment. 

(1 ) When turning off the pixel 13 

[0157] In a sub-field in which the pixel 13 should be 
turned off, that is, in a sub-field in which the pulse signal 
PW is at the L level, the transmission gate 134a is in an 
on-state. As a result, the voltage Vc is applied to the 
pixel electrode 135. 

[0158] Since the voltage Vc is applied to the counter 
electrode 136, the voltage applied to the liquid crystal 
layer of the pixel 13 is VL (= 0V), and hence the pixel 13 
is turned off. 

(2) When turning on the pixel 13 

[0159] In a sub-field in which the pixel 13 should be 
turned on, that is, in a sub-field in which the pulse signal 
PW is at the H level, the transmission gate 134b is in an 
on-state. As a result, one of the voltages V1 or V2 is 
applied to the pixel electrode 1 35 in accordance with the 
level of the field reverse signal FR. In Fig. 17, it is as- 
sumed that the level of the field reverse signal FR is re- 
petitively inverted every field. 

[0160] Specifically, when turning on the pixel 13, and 
when the field reverse signal FR is at the H level, the 
voltage V1 is applied to the pixel electrode 135. As a 
result, the voltage VH, which is the difference between 
the voltage V1 and the voltage Vc, is applied to the liquid 
crystal layer of the pixel 1 3, thereby turning on the pixel 
13. When turning on the pixel 13, and when the field 
reverse signal FR is at the L level, the voltage V2 is ap- 
plied to the pixel electrode 135. As a result, the voltage 
VH, which is the difference between the voltage V2 and 
the voltage Vc, is applied to the liquid crystal layer of the 
pixel 13, thereby turning on the pixel 13. The voltage 
applied to the liquid crystal layer in a field in which the 
field reverse signal FR is at the H level and the voltage 
applied to the liquid crystal layer in a field in which the 
field reverse signal FR is at the L level have the same 
absolute value and opposite polarities. 
[0161] When the method according to modification 2 
is employed, as in the foregoing embodiments, applica- 
tion of a DC component to the liquid crystal is prevented. 
As a result, deterioration of the liquid crystal is prevent- 



ed. Of course, in modification 2, as in the foregoing mod- 
ification 1, timing for inverting the level of the field re- 
verse signal FR is not necessarily in synchronization 
with timing for switching the field or sub-field. 

5 

F: Overall structure of liquid crystal device 

[0162] Referring to Figs. 18 and 19, the structure of 
the electro-optical device according to the embodiments 
10 and modifications will now be described. Fig. 1 8 is a plan 
view of the structure of an electro-optical device 100. 
Fig. 19 is a sectional view taken along the line A-A' in 
Fig. 18. 

[0163] As shown in the drawings, the electro-optical 
15 device 100 includes a device substrate 10 on which the 
pixels 1.3. and the like are formed and an opposing sub- 
strate 14 on which the counter electrode^ 136 and the 
like are formed. The device substrate 10 and the oppos- 
ing substrate 14 are bonded with a predetermined gap 
20 therebetween by a sealing section 15, and the gap is 
filled with the liquid crystal 1 37 as the electro-optical ma- 
terial. In fact, the sealing section 15 has a notch. The 
liquid crystal 137 is injected through the notch, and sub- 
sequently the sealing section 15 is sealed by a sealant 
25 (not shown in the drawings). 

[0164] As described above, when the device sub- 
strate 10 is a semiconductor substrate, the device sub- 
strate 10 is opaque. For this reason, the pixel electrode 
135 in each pixel 13 is formed of reflective metal such 
as aluminum. As a result, the electro-optical device 100 
is used as a reflective-type device. In contrast, the op- 
posing substrate 14 is formed of glass or the like, and 
hence the opposing substrate 14 is transparent. Need- 
less to say, the device substrate 10 can be formed of a 
transparent insulating substrate such as glass. When 
such an insulating substrate is used, and when the pixel 
electrode 1 35 is formed of reflective metal, reflective- 
type display can be performed. When the pixel electrode 
135 is formed of the other material, transmissive-type 
display can be performed. When the pixel electrode 135 
is formed of reflective metal, it is preferable that circuits 
forming the pixel 1 3, including the memory cells 1 30, the 
gray-sale control circuit 1 38, and the transmission gates 
134a and 134b, be provided on the opposite side to the 
observing side with respect to the pixel electrode 135. 
It thus becomes unnecessary to provide a region be- 
tween pixel electrodes to form these circuits therein. As 
a result, an advantage can be obtained that the aperture 
ratio of each pixel is increased. 
[0165] On the device substrate 10, a light-blocking 
film 16 is provided in a region inside the sealing section 
15 and outside the display region 10a. In the region in 
which the light-blocking film 16 is formed, for example, 
the Y address buffer 210 and the Y address decoder 
211 are formed in a region 20a, and the X address buffer 
220, the X address decoder 221 , and the sampling/hold- 
ing circuit 222 are formed in a region 21a. 
[0166] Specifically, the light-blocking film 16 prevents 
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light from entering into the driving circuits formed in 
these regions. The field reverse signal FR is applied not 
only to the counter electrode 136 but also to the light- 
blocking film 16. In the region in which the light-blocking 
film 16 is formed, a voltage applied to the liquid crystal 
layer is substantially zero. Hence, the device is in the 
same display state as the state where no voltage is ap- 
plied to the pixel electrodes 135. 
[0167] On the device substrate 10, a plurality of con- 
nection terminals are formed in a region 22 outside the 
region 21a, with a separation from the sealing section 
15. Control signals (for example, signals supplied to the 
operation control circuit 20), gray-scale data, and power 
are input to the region 22 from the outside. 
[0168] Concerning the counter electrode 136 on the 
opposing substrate 14, electrical conduction is estab- 
lished with the light-blocking film 16 and the connection 
terminals on the device substrate 10 by conductive ma- 
terial (not shown) which is provided in at least one corner 
of four corners at which the substrates are bonded to- 
gether. In other words, the field reverse signal FR is ap- 
plied through the connection terminals provided on the 
device substrate 10 to the light-blocking film 16, and is 
also supplied to the counter electrode 136 through the 
conductive material. 

[0169] In accordance with the usage of the electro- 
optical device 1 00, for example, when the electro-optical 
device 100 is a direct-viewing-type device, first, color 
filters which are aligned in stripes or in the form of a mo- 
saic or a triangle are provided on the opposing substrate 
14. Second, a light-blocking film (black matrix) made of, 
for example, metal material or resin is formed on the op- 
posing substrate 14. When the usage is to modulate 
colored light rays, that is, when the electro-optical de- 
vice 100 is used as a light valve of a projector which will 
be described below, color filters are not formed. When 
the electro-optical device 100 is a direct-viewing-type 
device, a front light unit for irradiating the eiectro-optical 
device 100 with light from the opposing substrate 14 
side is provided if necessary. On electrode-forming sur- 
faces of the device substrate 10 and the opposing sub- 
strate 14, alignment layers (not shown) which are 
rubbed in predetermined directions are formed, respec- 
tively, defining alignment directions of liquid crystal mol- 
ecules in the state where no voltage is applied. At the 
opposing substrate 14 side, a polarizer (not shown) in 
accordance with the alignment direction is formed. If 
macromolecular dispersed liquid crystal in which the liq- 
uid crystal is dispersed as microparticles in a macromol- 
ecule is used as the liquid crystal 137, the above align- 
ment layers and the polarizer become unnecessary. As 
a result, the efficiency in light utilization is increased. It 
is therefore advantageous in increasing luminance and 
reducing power consumption. 

[0170] As in the embodiments, because the semicon- 
ductor substrate is used as the device substrate 10 
forming the electro-optical device, it is preferable that 
the memory cells, the gates and the like in each pixel 



13 and components of peripheral circuits be formed of 
MOSFETs. However, the present invention is not limited 
to these embodiments. For example, the device sub- 
strate 10 can be formed of an amorphous substrate such 

5 as glass or quartz. A semiconductor thin film is depos- 
ited on this device substrate 10, thereby forming a thin- 
film transistor (TFT). When the TFT is used, a transpar- 
ent substrate can be used as the device substrate 10. 
[0171] Concerning the liquid crystal, various types 

10 can be used. In addition to a TN-type, there are an STN 
(Super Twisted Nematic)type which has a twisted align- 
ment at 180 degrees or greater, a bistable type such as 
a BTN (Bistable Twisted Nematic) type or a ferroelectric 
type having memory effects, a macromolecular dis- 

15 persed type, and a guest-host type. In the guest-host 
type, a dye (guest) which exhibits anisotropy in visible 
light absorption between in the long axis direction and 
in the short axis direction of the molecules is dissolved 
in a liquid crystal (host) whose molecules are aligned in 

20 a certain direction, the dye molecules being oriented 
parallel to the liquid crystal molecules. 
[0172] Alternatively, a homeotropic alignment struc- 
ture can be used. In the homeotropic alignment struc- 
ture, with no voltage applied, the liquid crystal molecules 

25 are oriented perpendicular to both substrates, and, 
when a voltage is applied, the liquid crystal molecules 
are oriented parallel to both substrates. Also, a homo- 
geneous alignment structure can be used. In the homo- 
geneous alignment structure, with no voltage applied, 

30 the liquid crystal molecules are oriented parallel to both 
substrates, and, when a voltage is applied, the liquid 
crystal molecules are oriented perpendicular to both 
substrates. Furthermore, instead of arranging the coun- 
ter electrode 1 36 on the opposing substrate 1 4, it is pos- 

35 sible to arrange the pixel electrode 1 35 and the counter 
electrode 136 on the device substrate 10, in the form of 
a comb with a separation therebetween. With this ar- 
rangement, the liquid crystal molecules are aligned hor- 
izontally, and the alignment direction of the liquid crystal 

40 molecules changes in accordance with a horizontal 
electric field between the electrodes. Accordingly, vari- 
ous types of liquid crystal and alignment modes can be 
used as long as they are compatible with the driving 
method of the present invention. 

45 [0173] In addition to the liquid crystal device, the elec- 
tro-optical device can be applied to various electro-op- 
tical devices such as devices which perform display em- 
ploying electro-optical effects by using electrolumines- 
cence (EL), digital micromirror device (DMD), plasma 

so emission, and fluorescence caused by electron emis- 
sion. In such cases, the electro-optical materials include 
EL materials, mirror device, gas, and fluorescent mate- 
rials. When an EL material is used as the electro-optical 
material, the opposing substrate 14 shown in Figs. 18 

55 and 19 becomes unnecessary because the EL material 
lies between the pixel electrode 135 and the counter 
electrode 1 36 of a transparent conductive film on the 
device substrate 10. Accordingly, the present invention 
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can be applied to an electro-optical apparatus which has 
a structure similar to the foregoing structure, and partic- 
ularly, to all electro-optical apparatuses which perform 
gray-scale display using pixels which perform on/off 
(two-level) display. 

G: Electronic apparatus 



to primary colors R, G, and B enter the electro-optical 
devices 100R, 100B, and 100G through the dichroic mir- 
rors 1151 and 1152, color filters are unnecessary. 
[01 78] Although the reflective-type electro-optical de- 
5 vices have been used in this embodiment, it is possible 
to use transmissive-displaying-type electro-optical de- 
vices in the projector. 



[0174] A few examples of using the above-descried 
liquid crystal device in specific electronic apparatuses 
will now be described. 

(1 ) Projector 

[0175] A projector which uses the electro-optical de- 
vice according to the embodiments as a light valve is 
described. Fig. 20 is a plan view of the structure of the 
projector. As shown in the drawing, a polarizing illumi- 
nation device 1110 is disposed along a system optical 
axis PL in the projector 1100. Concerning the polarizing 
illumination device 1110, light emitted from a lamp 1112 
enters a first integrator lens 1120 as luminous fluxes 
which are substantially parallel to one another by reflec- 
tion from a reflector 1114. As a result, the light emitted 
from the lamp 1112 is divided into a plurality of interme- 
diate luminous fluxes. The intermediate luminous fluxes 
are converted into polarized luminous fluxes of a single 
type (s-polarized luminous fluxes) in which polarization 
directions are substantially aligned by a polarization 
conversion element 1130 which includes a second inte- 
grator lens at the light-incident side. The s-polarized lu- 
minous fluxes are emitted from the polarizing illumina- 
tion device 1110. 

[0176] The s-polarized luminous fluxes emitted from 
the polarizing illumination device 1110 are reflected by 
an s-polarized luminous flux reflector 1141 of a polari- 
zation beam splitter 1 1 40. Of the reflected luminous flux- 
es, the blue light flux (B) is reflected by a blue-light re- 
flecting layer of a dichroic mirror 1151 , and the reflected 
light is modulated by a reflective-type electro-optical de- 
vice 100B. Of the luminous fluxes which pass the blue- 
light reflecting layer of the dichroic mirror 1151, the red 
light flux (R) is reflected by a red-light reflecting layer of 
a dichroic mirror 1152, and the reflected light is modu- 
lated by a reflective-type liquid electro-optical device 
100R. At the same time, of the luminous fluxes which 
pass the blue-light reflecting layer of the dichroic mirror 
1151, the green light flux (G) passes through the red- 
light reflecting layer of the dichroic mirror 1152 and is 
modulated by a reflective-type electro-optical device 
100G. 

[0177] In this manner, red light, green light, and blue 
light which are modulated by the electro-optical devices 
100R, 100G, and 100B, respectively, are sequentially 
combined by the dichroic mirrors 1 1 52 and 1 1 51 and the 
polarization beam splitter 1140, and the combined light 
is projected onto a screen 1170 by a projecting optical 
system 1160. Since the luminous fluxes corresponding 



(2) Mobile computer 



10 



[0179] An example in which the above-described 
electro-optical device is applied to a mobile personal 
computer will now be described. Fig. 21 is a perspective 
view of the structure of the personal computer. In the 

* 5 drawing, a computer 1 200 includes a main unit 1 204 in- 
cluding a keyboard 1202 and a display unit 1206. The 
display unit 1206 includes a front light unit in front of the 
above-described electro-optical device 100. 
[0180] With this arrangement, the electro-optical de- 

20 vice 100 is used as a reflecting direct-viewing-type de- 
vice. Concerning the pixel electrodes 135, it is prefera- 
ble that concavity and convexity be formed so that the 
reflected light scatters in various directions. 

25 (3) Cellular phone 

[0181] An example in which the above-described 
electro-optical device is applied to a cellular phone is 
described. Fig. 22 is a perspective view of the structure 

30 of the cellular phone. In the drawing, a cellular phone 
1400 includes a plurality of operation buttons 1402, an 
earpiece 1404, a mouthpiece 1406, and the electro-op- 
tical device 100. If necessary, a front light unit is provid- 
ed in front of the electro-optical device 100. With this 

35 arrangement, the electro-optical device 100 is used as 
a reflecting direct-viewing-type device. Concerning the 
pixel electrodes 135, it is preferable that concavity and 
convexity be formed. 

[01 82] Concerning the electronic apparatuses, exam- 
40 pies other than those described with reference to Figs. 
20 to 22 may include a liquid crystal television, a view- 
finder-type or a monitor-direct-viewing-type video cas- 
sette recorder, a car navigation system, a pager, an 
electronic notebook, an electronic calculator, a word 
45 processor, a workstation, a video phone, a POS termi- 
nal, and a device with a touch panel. Needless to say, 
the electro-optical device according to the embodiments 
and the modifications thereof is applicable to these var- 
ious types of electronic apparatuses. 

50 

[Advantages] 

[0183] As described above, according to the present 
invention, high-quality gray-scale display can be per- 
55 formed by turning on or off pixels. According to the 
present invention, each pixel has a memory. In accord- 
ance with the result of performing arithmetic processing 
of gray-scale data stored in the memory and gray-scale 
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signals generated by a gray-scale signal generating cir- 
cuit, each pixel is turned on or off. It is only necessary 
to write gray-scale data to a pixel whose gray-scale data 
has been changed. Thus, the power consumption can 
be reduced. 



nals, and the pulse signal is generated in ac- 
cordance with the comparison result; and 
one of the voltage that turns on the pixel or the 
voltage that turns off the pixel is applied to the 
5 pixel electrode in accordance with the pulse 

signal. 



Claims 

1 . A method for driving an electro-optical device which 
includes a plurality of pixels each including a k-bit 
memory (where k is a natural number 1, 2, 3, ...) 
and which performs k-bit gray-scale display in ac- 
cordance with k-bit gray-scale data, wherein: 

the gray-scale data is written to the memory of 
each pixel; 

a pulse signal with a time density in accordance ' 
with the gray-scale data is generated based on 
the gray-scale data written to the memory and 
k-bit gray-scale signals; and 
one of a voltage that turns on the pixel and a 
voltage that turns off the pixel is applied to the 
pixel in accordance with the pulse signal. 

2. A method for driving an electro-optical device ac- 
cording to Claim 1, wherein, concerning the k-bit 
gray-scale signals, a selection period of each bit is 
set to a time density which implements gray-scale 
display with 2°, 2 1 , 2 2 2 k ~ 1 levels. 

3. A method for driving an electro-optical device ac- 
cording to one of Claims 1 and 2, wherein: 

the gray-scale signal of the corresponding bit 
is selected from among the gray-scale signals 
in accordance with the gray-scale data, and the 
pulse signal is generated by combining the se- 
lection periods of the selected gray-scale sig- 
nals; and 

one of the voltage that turns on the pixel or the 
voltage that turns off the pixel is applied to pixel 
electrode in accordance with the pulse signal. 

4. A method for driving an electro-optical device ac- 
cording to Claim 1 , wherein: 



6. A method for driving an electro-optical device ac- 
cording to any one of Claims 1 to 5, wherein the 

10 pixel is turned off regardless of a value of the gray- 
scale data during a period in which the gray-scale 
signals have a predetermined value. 

7. A method for driving an electro-optical device ac- 
15 cording to any one of Claims 1 to 6, wherein: 

the pixel includes the pixel electrode and a 
counter electrode which is opposed to the pixel 
electrode and to which a reference voltage 
20 whose polarity is inverted every predetermined 

period is applied; and 

when turning on the pixel in accordance with 
the pulse signal, a voltage whose level varies 
in the opposite manner to that of the reference 
25 voltage is applied to the pixel electrode, and, 

when turning ofF the pixel in accordance with 
the pulse signal, a voltage whose level varies 
in accordance with that of the reference voltage 
is applied to the pixel electrode. 

30 

8. A method for driving an electro-optical device ac- 
cording to any one of Claims 1 to 6, wherein: 

the pixel includes the pixel electrode and a 
35 counter electrode which is opposed to the pixel 

electrode and to which a predetermined refer- 
ence voltage is applied; and 
when turning off the pixel in accordance with 
the pulse signal, a voltage which is the same 
40 as the reference voltage is applied to the pixel 

electrode, and, when turning on the pixel, one 
of a first voltage higher than the reference volt- 
age or a second voltage lower than the refer- 
ence voltage is applied to the pixel electrode 
45 while switching between the first and second 

voltages every predetermined period. 



10 



40 



the k-bit gray-scale signals are output signals 
from a k-bit counter, and a period in which each 
counter value indicated by the output signals is 50 
maintained to the time density with which k-bit 
gray-scale display is implemented. 

5. A method for driving an electro-optical device ac- 
cording to one of Claims 1 and 4, wherein: 55 

the k-bit gray-scale data is compared with a k- 
bit counter value based on the gray-scale sig- 



9. A method for driving an electro-optical device ac- 
cording to one of Claims 7 and 8, wherein the pre- 
determined period differs from the period of each 
field. 

10. A method for driving an electro-optical device ac- 
cording to any one of Claims 1 to 9, wherein, from 
among said plurality of pixels, the gray-scale data 
is written to the memory of the pixel whose gray- 
scale data stored in the memory thereof needs to 
be changed. 
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17. A driving circuit for an electro-optical device accord- 
ing to any one of Claims 11 to 16, wherein said col- 
umn-selection-line driving circuit is formed on a pre- 
determined substrate on which the pixels are 

5 formed. 

18. A driving circuit for an electro-optical device accord- 
ing to any one of Claims 1 1 to 1 7, further comprising 
a writing circuit for writing the gray-scale data to the 

10 memory of the pixel, from among the pixels, whose 
gray-scale data stored in the memory thereof needs 
to be changed. 

19. A driving circuit for an electro-optical device accord- 
15 ing to any one of Claims 1 1 to 1 8, further comprising 

a reading circuit for reading the gray-scale data 
stored in the memory of the pixel. 

20. An electro-optical device which includes a plurality 
20 of pixels and which performs k-bit gray-scale dis- 
play in accordance with k-bit gray-scale data (where 
k is a natural number 1, 2, 3, ...), comprising: 

a plurality of groups of column selection lines, 
25 in which the number of column selection lines 

is k; 

a plurality of row selection lines; 
a plurality of pixels formed corresponding to in- 
tersections of the column selection lines and 
30 the row selection lines, each pixel including a 

pixel electrode, a k-bit memory that stores the 
k-bit gray-scale data, and a pixel driving circuit 
for generating a pulse signal with a time density 
in accordance with the gray-scale data based 
35 on the gray-scale data written to the memory 

and k-bit gray-scale signals and for applying 
one of a voltage that turns on the pixel or a volt- 
age that turns off the pixel to the pixel electrode; 
a row-selection-line driving circuit for supplying 
40 a selection signal to the row selection line that 

corresponds to the pixel to which the gray-scale 
data is to be written; and 
a column-selection-line driving circuit for sup- 
plying the gray-scale data to each column se- 
<5 lection line which forms the group of column se- 

lection lines corresponding to the pixel to which 
the gray-scale data is to be written, while the 
selection signal is being supplied to the row se- 
lection line. 

50 



1 1 . A driving circuit for an electro-optical device includ- 
ing a plurality of groups of column selection lines in 
which the number of column selection lines is k 
(where k is a natural number 1, 2, 3, ...), a plurality 
of row selection lines, and pixels which are formed 
corresponding to intersections of the column selec- 
tion lines and the row selection lines, each pixel in- 
cluding a k-bit memory that stores k-bit gray-scale 
data, wherein a pulse signal with a time density in 
accordance with the gray-scale data is generated 
based on the gray-scale data written to the memory 
and k-bit gray-scale signals, and one of a voltage 
that turns on the pixel or a voltage that turns off the 
pixel is applied to the pixel in accordance with the 
pulse signal, said driving circuit comprising: 

a row-selection-line driving circuit for supplying 
a selection signal to the row selection line that 
corresponds to the pixel to which the gray-scale 
data is to be written; and 
a column-selection-line driving circuit for sup- 
plying a signal that corresponds to each bit of 
the gray-scale data to each column selection 
line which forms the group of column selection 
lines corresponding to the pixel to which the 
gray-scale data is to be written, while the selec- 
tion signal is being supplied to the row selection 
line. 

12. A driving circuit for an electro-optical device accord- 
ing to Claim 11, further comprising a gray-scale sig- 
nal generating circuit for generating the gray-scale 
signals. 

1 3. A driving circuit for an electro-optical device accord- 
ing to one of Claims 11 and 12, wherein, concerning 
the k-bit gray-scale signals, a selection period of 
each bit is set to a time density which implements 
gray-scale display with 2°, 2 1 , 2 2 , .... 2 k ~ 1 levels. 

1 4. A driving circuit for an electro-optical device accord- 
ing to one of Claims 11 and 12, wherein the k-bit 
gray-scale signals are output signals from a k-bit 
counter, and a period in which each counter value 
indicated by the output signals is maintained is set 
to the time density with which k-bit gray-scale dis- 
play is implemented. 

1 5. A driving circuit for an electro-optical device accord- 
ing to any one of Claims 11 to 14, wherein the pixel 
is turned off regardless of a value of the gray-scale 
data during a period in which the gray-scale signals 
have a predetermined value. 

1 6. A driving circuit for an electro-optical device accord- 55 
ing to any one of Claims 1 1 to 1 5, wherein said row- 
selection-line driving circuit is formed on a prede- 
termined substrate on which the pixels are formed. 



21. An electro-optical device according to Claim 20, 
wherein the memory comprises: 

a switching device which is turned on by the se- 
lection signal; and 

two inverters for writing the gray-scale data 
which is supplied to the corresponding column 
selection line when the switching device is 
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turned on and for maintaining the written gray- 
scale data when the switching device is turned 
off, wherein the output of one inverter is the in- 
put of the other inverter. 

22. An electro-optical device according to one of Claims 
20 and 21, further comprising a gray-scale signal 
generating circuit for generating the gray-scale sig- 
nals. 

23. An electro-optical device according to any one of 
Claims 20 to 22, wherein, concerning the k-bit gray- 
scale signals, a selection period of each bit is set to 
a time density which implements gray-scale display 
with 2°, 2 1 , 2 2 2 k " 1 levels. 

24. An electro-optical device according to any one of 
Claims 20 to 23, wherein the pixel driving circuit 
comprises: 

a pulse duration control circuit for selecting the 
gray-scale signal of the corresponding bit from 
among the gray-scale signals in accordance 
with the gray-scale data and for generating the 
pulse signal by combining the selection periods 
of the selected gray-scale signals; and 
a switching circuit for applying one of the volt- 
age that turns on the pixel or the voltage that 
turns off the pixel to the pixel electrode in ac- 
cordance with the pulse signal generated by the 
pulse duration control circuit. 

25. An electro-optical device according to any one of 
Claims 20 to 22, wherein: 

the k-bit gray-scale signals are output signals 
from a k-bit counter, and a period in which each 
counter value indicated by the output signals is 
maintained is set to the time density with which 
k-bit gray-scale display is implemented. 

26. An electro-optical device according to one of Claims 
20, 21, 22, and 25, wherein the pixel driving circuit 
comprises: 

a pulse duration control circuit for comparing 
the k-bit gray-scale data with a k-bit counter val- 
ue based on the gray-scale signals and for gen- 
erating the pulse signal in accordance with the 
comparison result; and 

a switching circuit for applying one of the volt- 
age that turns on the pixel or the voltage that 
turns off the pixel to the pixel electrode in ac- 
cordance with the pulse signal generated by the 
pulse duration control circuit. 

27. An electro-optical device according to any one of 
Claims 20 to 26, wherein the pixel is turned off re- 



gardless of a value of the gray-scale data during a 
period in which the gray-scale signals have a pre- 
determined value. 

5 28. An electro-optical device according to any one of 
Claims 20 to 27, wherein said row-selection-line 
driving circuit is formed on a predetermined sub- 
strate on which the pixels are formed. 

10 29. An electro-optical device according to any one of 
Claims 20 to 28, wherein said column-selection-line 
driving circuit is formed on a predetermined sub- 
strate on which the pixels are formed. 

is 30. An electro-optical device according to any one of 
Claims 20 to 29, further comprising a writing circuit 
for writing the gray-scale data to the memory of the 
pixel, from among the pixels, whose gray-scale data 
stored in the memory thereof needs to be changed. 

20 

31. An electro-optical device according to any one of 
Claims 20 to 30, further comprising a reading circuit 
for reading the gray-scale data stored in the mem- 
ory of the pixel. 

25 

32. An electro-optical device according to any one of 
Claims 20 to 31, wherein the memory and the pixel 
driving circuit each include a switching device; and 

30 at least one of the switching devices included 

in the memory or the pixel driving circuit is 
formed of a thin film transistor formed on an in- 
sulating substrate. 

35 33. An electro-optical device according to any one of 
Claims 20 to 31 , wherein the memory and the pixel 
driving circuit each include a switching device; and 

at least one of the switching devices included 
40 in the memory and the pixel driving circuit is 

formed on a semiconductor substrate. 

34. An electro-optical device according to any one of 
Claims 20 to 33, wherein the pixel electrode is re- 

45 flective. 

35. An electro-optical device according to any one of 
Claims 20 to 34, wherein at least one of the memory 
or the pixel driving circuit is formed on the opposite 

so side to the observing side with respect to the pixel 
electrode. 

36. An electronic apparatus comprising an electro-op- 
tical device as set forth in any one of Claims 20 to 

55 35. 
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